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FOREWORD 


Sk\Iab exceeded all carlv pvnprtnfirxMc k u * 

84 days respectively a full 31 div^ I " u ^ rnanned for 28, 59, and 

.hr« vc,/si„cc ; planned. Even today. ,„o„ than 

of the wav throul cv"to,r" 1°''"“ P« 

sophisticated spare” endeavor SVie i' ' ai"° ’'"nmed from this 

,ea„ ,0 conte, Ln as 

than fulfilled its purpose. ^ ‘ having more 

Over the years, Skviab evolved in the wnke nf fK» i ■ j- 

In early 1^70 the configuration had solidified based 

S-IVB sta<re of flitv a„ u i , ■^o*'a'nea, based on conversion of the 

inning ,:rn L^epit^!”, di" Ho d" 1™ 

and crew wiii opti.iae ^^^^ta^ oTL”„t:!? 

Within seTonc[s'dle',LlIid^ll'ld t^ftos!- n\sa"'' d " V' 

Gemini, and A^io had T""’' *“7"“'^' 

solution. The ten davs between the Skriah lAO 

NASA's “finest hour^’ Plnn«= r , ^ ^ launches were perhaps 

-blished, and rep' S^e f 

and ...rtted into night hardtvare' ti^r.^lrSrTrc 

teanse oi the dedication and teamwotk of thous'.ndfrf NASA "T 
personnel. By the end of the SL> i i • ° * NASA and contractor 

flight objectiL of the SWal/n T •'“* ^beduled 

objectives added as the program projrclsed. ‘Accomplished, plus other 

Skylab. '‘^'‘ites only the beginning; the best is yet to come from 


Charles Conrad, Jr. 
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21 March: The Manned Space Flight Experiments Board was created by agreement between 
NASA and the Department of Defense. 

I April: MSC presented a request for proposals to Douglas, Grumman, and McDonnell for 

definition studies on the Saturn S-IVB spent-stage experiment support module (SSESM). 
6 May: Astronauts voiced concern over the purposes and proposed work statement for the 
SSESM, noting a number of operational and safety concerns connected with purging the 
stage's hydrogen tank to create a habitable structure in space. 

II July: NASA Hq ofhcjais made several significant AAP decisions concerning the rolos of 

MSFC and MSC. 

25 July: The Orbital Workshop was approved as an experiment for flight on AS-209. 

26 July: Full responsibility for AAP missions w'as assigned to the Office of Manned Space 

Flight, NASA Hq. 

13-15 August: Agreement was reached on the respective roles of MSC and MSFC in develop- 
ment and operations of future manned space flight hardware. 

19 August: NASA announced selection of McDonnell to manufacture the airlock module for 
AAP. 

30 December: Mission objectives for AAP-1 and AAP-2 flights were outlined by NASA Hq. 


1967 


26 January: NASA announced plans to use a cluster configuration for AAP flights. 

26 July: NASA selected Martin Marietta Corporation as contractor for payload integration of 
experiments and experiments support equipment. 

2 August: NASA terminated all activity associated with the lunar n.apping and survey system. 


1968 

2 February: Key check points were established for AAP to ensure sufficient management visi- 
bility of the program status. 

20 July: The Post Apollo Advisory Committee issued its report which confirmed the basic 
objectives of AAP and played a deciding role in its later evolution. 


1969 

4 March: An AAP baseline configuration review was held at NASA Hq. 

2 May: An AAP Software Board was established. 

21 May: Choice of a Saturn IB "wet" Workshop vs. a Saturn V "dry" Workshop was the major 

subject discussed at a Manned Space Flight Management Council meeting. 

23 May: MSFC Director Wernher von Braun responded to George E. Mueller’s request for 
recommendations from the field Centers on the "wet" vs. "dry" Workshop issue, saying he 
preferred the "dry" Workshop and giving his reasons. 

18 July: NASA Administrator Thomas O. Paine approved the shift from a "wet" to a "dry" 
Workshop. 

22 July: AAP Director William C. Schneider directed the three manned space flight Centers to 

implement the necessary changes to effect the '"dry" Workshop program. 

5 August: MSFC definitized the contract with McDonnell Douglas for two Orbital Workshops 

for AAP. 

16 September: NASA announced the AAP change from "wet" to "dry" Workshop substantially 
improved the probability of mission success ;ind crew safety. 

22 October: The AAP Director approved changes in the Orbital Workshop at a meeting at 
MSFC. 


1970 

2 January: MSFC shipped a test version of the Saturn S-IVB stage to McDonnell Douglas to be 
converted into an Orbital Workshop test article. 
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lU’hrujry: NASA announct'ci that AAF had been redtsi^inaicd the Skylab Frt)j;ram. 

IH March/ An interface panel oruani/atinn was established within the NASA Sk\lab Program 
for delining, controlling, and resolving inter-('enter problems. 

4 May: A system llexibiliiy study was conducletl of systems and subsystems in the Skylab 
cluster to a'.nieve maximum flexibility in case of a malfunction. 

/5 Ali/y; NASA announced that l'K>th the Skylab Saturn V and Saturn IB launches would be 
from haunch ('omplex at KS('. 

2h May: The Apollo telescope mount critical design review was completed at MSFC and final 
approval given the ATM tlesign. 

10-14 August: A critical design review' for the airlock nu>dule was held at McDonnell Douglas. 

24~2~^ August: A critical design review of Skylab’s multiple dtteking adapter was completed at 
Martin Marietta. Denver. 

14-!S Svptcnihvr: An Orbital Worksht^p critical design review was conducted at McDonnell 
Douglas, Huntington Beach, (California. 

21 Septemher: A Saturn Workshop crew station review began at MShC with (jovernment and 
inoostry engineers monitoring the progress of nine astronauts as they "walked through" 
many the Workshop tasks. 

16-20 Noremher: An hVA critical design review was held at the MSFC mockup area and 
neutral buoyancy simulauir with 10 astronauts participating. 


1971 

12 I’chrfiary: Act)us(ic testing of the Orbital W'orkshop dynamic test article was completed at 
MSC. 

/5 December: An MSFCC-MSC agreement was approved detailing responsibilities for Skylab 
flight crew training iti the neutral buoyancy simulator at MSFC. 

December: The Skylab Program was reviewed by a Skylab midterm task team. 


1972 

U-12 January: The Manned Space Flight Management Council agreed to retain the 30 April 
1973 launch- readiness date. 

/9 January: Prime crewmen were named for the three Skylab missions. 

7 March: The Skylab .escue missitm was a definite NAS.\ commitment. 

21 June: A (CSM design certification review board met at MSCC and ctmeurred in accepting the 
eSM design for Skylab. 

n July: A Skylab vibration and acoustic test program which began at MS(C in January 1971 
wa:. completed. 

29 Au^iiust: After completion of 28 days of the Skylab medical experiments altitude tests at MSC, 
it was decided tt> continue the planned S6-day lest to completion. 

6-" September: A special ceremony marked completion of the Orbital Workshop prior to its 
readiness for shipment from Huntington Beach to KS(\ 

/9 Oc'.ober: A Skylab cluster systems design certification review was cmulucted at MSFC. 

21 Sot ember : NASA Hq defineii the review procerlure and reaiiiness requirements for the flight 
readiness r< 'dew which wnulil be conducted prior to each Skylab mission. 

Ul Sotember: Skylab cost savings were achievetl by increasing pa>load weiglits in some 
instances. 


1973 

2*)~W January: The airlock, multiple docking adapter, and .\pollo telescope immnt flight units 
were mateil to the lunar vehicle. 

2" l ebruary: Skylab 2 was moved from the Vehicle Assembly Building to l aunch Pad 39. 

5 April: Planning dates for the four Sk>lab launches were officially umfirmed by NASA. 

}j~20 April: A flight readiness review was held at KS( , followed by an announcement of 
"ready to go" for Skylab 1 on I f May and Skylab 2 on IS May. 
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14 Mjy: Skyliib / was humliecl rroni KS('. Dcpioyir.cnt of the Workshop solar array and the 
mettM>roid shield was not successful, requiring a postponement of the Skylah 2 launch. 
1^-14 Mjy: 1 he design certjlication review hoard determined that a "Skylah Harasol," deployed 
through the scientific airlock, would he the prime method i>f improvising a thermal shield 
for the Workshop. 

25 May: Skylah 2 was launched from KSC and rende/voused v. ith Skylah 1 during the fifth 

revolution. Damage to Skylah I was reported to the ground. 

26 May: The crew’ completed the task of deploying the Skylah parasol, and the >X'orkshop 

temperature started to drop. 

7 June: Two astronauts performed an and successfully freed the undeployed solar array, 

after which it was fully deployed, 

22 June: The Skylah 2 command module splashed down in the Pacific Ocean following a suc- 
cessful 28-day mission. 

28 July: Skylah ? was launched from KSC and began its mission, ending with a landing in the 
Pacific Ocean on 25 September. 

/? August: A decision wa* made to delete the Skylah Saturn V Orbital Workshop capability 
effective 15 August. 

30 August: Guidelines were issued by NASA for release, disposition, and storage of all u'.- 
needed Skylah Program equipment. 

16 Not emher: Skylah 4 was launched from KS(^ for a planned duration mission t)f 56 days w ith 
an option of extending it to 8 f days. The ct>mmand module and crew' splashed down in the 
Pacific Ocean 8 behruary 197f, 8f days 1 hour 15 minutes 31 seconds after liftoff. 
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PREFACE 


The Skylab Program was specifically d signed to conduct a series of 
experiments from beyond the Earth's aimo phere. Since the number and 
types of experiments to be conducted during the operational phase of Skylab 
were constantly changing, rather than encumber the body of the chronology 
with these changes, a lengthy appendix on experiments (number 3) has been 
included. Ihis appendix identifies the Principal Investigators and Coinvestigaton; 
gives the types, numbers, and descriptions of the experiments; explains the 
purposes of the various experiments; and, where available, gives the results or 
finding of the experiments. Becau.se of the time required to reduce the 
voluminous amount of data acquired during the Skylab missions, definitive 
results on .some of the experiments may not be available for some years. 

This document was intended to capture the key events that conti.butcd 
to t e success of Skylab and to provide the sources and documentation essential 
to a narrative history of the program. It was not the intent of the authore, nor 
should It have been their intent, to interpret the decLsionmaking processes, the 
fwhcies, the budgetary constraints, the politics, and the inter-Center rivalries 
that interwove them.selves into the pattern of the Skylab Program from its 
inception on the drawing board to its culmination as America's most successful 
manned space program to date. For these interpretations, the interested reader 
must await the narrative history of Skylal^-a history which is now being 
written. Meanwhile, it is hoped that the chronology- wiP serve a.s a readv 

reference for those who might be seeking a comprehensive source of information 
on the Skylab Program. 

The body of the Skylab chronology has been divided into three parts: 
ear y space station activities, Apollo Applications, and Skylab development 
and operations. ^ 

Ober^hl's^"!! beginning with Hermann 

Oberths study on a manned ..pace station, which he presented to the scientific 

comniunity in through July ,965 when Grumman completed a stu^ 

or NASA on Earth orbital nn.^sions. During the years between those dates, 

staf Th ^ '’‘‘Sun to show considerable interest in a space 

stat.on that would enable them to study the physical and psychological effects 
on „«nded period, in „ ,p,oe enviro, ev.dui 

».eM,(ie expenmonl, from ,pncc; and develop and evaluate teehnique, tor the 

. ■ . statton symptKintti held tn Lew Angeles in I960, nurine 

prLn™d'“47mn “P”"" 

presented 4U papers on these subjects ® 

bruar, 1970 and enromptiwe., ihmc period, ol the program designated the 
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Apollo hxtcnsion System nd the Apollo Applications Program. It was during 
t us period that concepts (based in part on e.xperiencc gained in the Mercury-, 
Gemini, and .Apollo Programs) were refined, con'racts were i.ssued, and the 
.gradual evolution of the Orbital Workshop to its final “drv” concept occurred 
In Febru ry lf)70, what had previously been called the Apollo Applications 
Program was rcdcsi.gnated the Skylab Program. Part thr.e of the chronology 
cox-ers the period from this redesignation through the final mission of the 
program and the postoperational phase. This, essentially, was the construction 
and operational pha.se of the program. It was the period of final equipment 
ana experiment checkout, launch and flight, recoxerv and evaluation 

In writing this chronology, certain NASA Centers which appear frequently 
^re referred to by their acronyms. These arc: MSFC (the George C. Marshall 
a *1 ^ <-entcr), KSC (the John F. Kennedy Space Center), MSC (the 
Manned Spacecraft Center) which later became JSC. (the Lyndon B. Johnson 
Space Center), and LaRC (Langley Research Center). The National Aeronautics 
and Space Administration is generally referred to as NASA, or when the 
context of the entry requires, NASA Hq. The Centers which appear with less 
frequency m this chronology, such as the Goddard Space Flight Center the 

. rncs Re.search Center, the Lewis Re,search Center, and the Jet Propulsion 
Laboratory, are spelled out. opuision 

S^nilarly a short form is used for a number of the aerospace contraetom. 
The Martin Marietta Corporation is referred to as simply Martin Marietta, 

CornorT'"'"” Grumman, the McDonnell Douglas 

MeZu rn'' Huntington Beach, California or 

McDonnell Douglas, St. Louis (to distinguish between the eastern and western 

Rorkx* fl’ "*7 MM * ’ Incorporated (later North American 

Rockwell and still later Rockwell International), is referred to as North American 

• 7 II less frequently in the chronology, are 

Ai^^^ aft Cmoc toeing Companv, the Lofkheed 

Airc.alt Coipoiation, and the Bendix Corporation 

Material uaetl in pre|,a,ii,K llti, d.rt.nnbsy has l..r<itallv been primar. 
»urcc ntatcnat-oirieial t „rrca|,„Kle„,c n,c„„„a,„la. NASA an, I JZZl 

n a c.,.als--NA,SA and contractor net,, rcicasts and reference, to „cw,p„per 

‘ kI magazine articles — were used minimally. ^ 

This chronology could not haxe been' written xvi.hout the assistance of a 
pea, number ,,t individual, evithin the aert.pace comtttttnitv. 

. rvoiJd be t,„pos„ble. Hmvcver, the autliont wish to aclcnowledec bv name 
the asctance recetved front M„,„e Wrisbt, John H. I)i,her Frank W 
Andean. Jr., J. Pcntble Field, rbonta, Hane,, l-dward CI,ri,l’ian,on and 
'p '-'-‘I F. Beletc, Hibn"; Htliicb 

Shwtm^of 7 fc '‘“'’"F ■•.•tl Roa„ C.: 

at.dJi,nn,yl).Br,,t,d;cdr,rK7'R7lt™i'“T^^^ Rfhalka Janie, W. Craig, ;|r„ 
Walter D. Wolh-in K V ' . x I Kenneth S. Kleinknecht, 

n I D 1 ’ Armstrong, Reginald M. Maehell loe W 

Dodson, Robert Gordon, R„v L M ..fin I,- H. ii i ,V , ' 

. ) 1^. Aia.gin, Ji., Haiold J. Davis, James M. 
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Cri.nwood. and Sally D. Gatos ,;f JSC; Kdward Regan. Walter Cleveland, 
Dan Green, and Frank Morgan of McDonnell Douglas; and Richard Barton 
and Ralph Oakley of Rockwell International. 

Special kudos go to Melba Henderson and Virginia Trotter of JSC for 
their outstanding assistance and cooperation In making available the Hies and 
reconls from which a large portion of this chronology has been derived; to 
\Nillard M 1 aub. whose assi.stance was invaluable in location and identification 
cf some of the illustrations; and to Hilda J. Grimwood, who performed such 
an outstanding job in the typing and proofing of this manuscript in addition to 
carrying out the other innumerable duties essential to good office operations 
This chronology was prepared by the Historical Senices and Consultants 
t-,onipan\. Houston, Texas; under contract N.\SW-2590. 

R. W. N. 
I. D. E. 

C. G. B. 
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PART I 


Early Space Station Activities 


1923 through July 1965 


PART I 


Eoriy Spoca Station ActlvHias 


1923 throHgh July 1965 


Hemann Obcrth published Z),> . 

rate PW»,j conta^i ,h% («, JJ.A, 

space station to appear in sciendUc .item. Proposal for a manned 

prosented to dte 'Ltific 3unitran^^^^^ »tady 

but also space flight in^enTrarObers""‘ 'T" " 
by smaller rockets on a periodic basis and^ a Permanent station supplied 
produce an arUlicial sravT/oMSfcr^^’"®"'''' "■« vehiSe to 

» a base for Earth' obsLllt I ” Ve T“"’ “““ 

communications satellite, and as a refuel?n7 1 ^ satellite, as a 

launched from orbit. ^ “‘^terrestrial vehicles 

Translation >f Hermann Oberth’s r> l ^ 

Oldenbourg, Munich and Berlin, 1923 . “ * ' ^^<‘’'*t*nTaumen, Verlag von R. 

broad arguments in f presented 

^0 was by far th’e more diS to .;"ai,:'‘ vT?' 
different space stations for diveree function. • suggested several 

primarily an observation site and anorrT; °^bit as 

would be more suitable as an 

Translation of Guido von Pirquet’s artici#* 

Breslau, Deutschland, 1928. ^ trouten m DiV Jtaitu, 2. Jahigang, 

’’--f »' Austrian 

ftobfem 0 / sp,ce Fligh:), which included oJIl Zl " (Th, 

put on paixr the design of a manned space station N^fd “ 

consisted of a doughnut-shaped structure for r • °‘^ung s proposed design 

station atuched to one end tf trcett ml 

central hub, and an astronomical observation 


1923 


1928 


1928 
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1928 


1929 


1945 


1946 

March 


May 

7 


, ihr fliNt to simircst a wheel-shaped dcsii!;n for a space 

--- 

a station in a synchronous orbit above the harth. 

Hennann Noordung. FrM.n Hefahruu, <i,. n'eUr.u.ns. .92». 

. 1 1- u t -nr Raumu hiffahrt. in which he greatly 

Hermann Oberth publisher Qberth here presented several 

Cboraud o„ idea. aphcJl living quarie. 

apeefic designs for orbi •' 'P‘ ^ J [ai.ricacd in orbit. .Wng several 

!irru;'3.:r.r-^ 

=iVrr^ rvrr^ - -- 

observation sites to military installations. 

Translation of Hermann Oborth's ItV.c'e ntr Raumuhiffahrl, Vcrlag von R. Olden- 
bourg, Munich and Berlin, 1929, 

a srrnrnrar, n( his work on rocket, drrring 
speculated on the potential an uture use. o ^ ,p-ice the construction of 

to the Moon. 

Wmher von Br»i., "Seo-e, ITsr Rm^h in 

Repor. »»■ r-SO-3-RR, J.nv.r, 

1947, pp. 38-42. 

ir i I Prraiort RAND at the Santa Monica, Cali- 
The .\rmy Air I'orces c.sttblished Proje 

*h’hin:i'd“t-- 

si: :r— - — 

artificial Earth satellite. 

Eugene M. Emme, Aeronautics and 1961. 

and rechnoloRy in the ExplorrUrsm 0/ Report): Report of 

p. 53; U.S. Cmgre,, Cong., 1st SCS8., 

the Committee on Science and Astronauln s. ouse cp 

4 May 1961, p. 2. 

Oongia, Aircraft Cnrpan,. 

feasibility of designing .1 man carry • j j properly 

vehicle could be accelerated to a speed of 2 . 60 kiiM-r ^ ^ 

it would revolve on a cmulai or 11 ax . "‘. j p approxim^^^ 

satellite. Such a vehicle would make a compl t 1 J.t o t ‘ ‘i 
every hour and a half. However, it would not pass 


4 




PART i: EARLY SPACE STATION ACTIVITIES 

stations on successive circuits because the Earth would make about a one-sixteenth 
turn for each circuit of the satellite. Two fuels were considered in the study: 
hydrogen-oxygen and alcohol-oxygen. The liquid alcohol-hydrogen had been 
used to propel the German V-2 rockets. The use of cither fuel to orbit a 
man-made satellite, the study showed, would require the use of a multistage 
vehicle. The study also indicated that maximum acceleration and temperatures 
could be kept within limits safe for man. The vehicle envisioned would be used 
in obtaining scientific information on cosmic rays, gravitation geophysics, 
terrestrial magnetism, astronomy, and meteorology. 

Douglas Aircraft Co., Report No. SM-11827, Preliminary Design of an Experimental 
World-Circling Spaceship, 2 May 1946. 


In a paper presented to the British Interplanetary Society, H. E. Ross described 
a manned satellite station in Earth orbit that would serve as an astronomical 
and zero-gravity and vacuum research laboratory. (Ross’ bold suggestions also 
included schemes for a manned landing on the Moon and return to Earth 
through use of the rendezvous technique in Earth orbit and about the Moon.) 
Ross’ suggested design comprised a circular structure that housed the crew of 
the space laboratory (numbering 24 specialists and support personnel) as well 
as telescopes and research equipment. The station, he suggested, could be 
resupplied with oxygen and other life-support essentials by supply ships launched 
every three months. 

H. E. Ross, “Orbital Bases/’ Journal of the British Interplanetary Society, 8, 1949, 

pp. 1-7. 


1946 

May 


1948 


November 

13 


Awakening public interest in the United States and in Europe was manifested 
by publication in September 1949 of The Conquest of Space by Willy Ley. Ley 
featured detailed descriptions of orbital space stations and manned flights to the 
Moon and back .as part of man’s quest to conquer the frontier of sp.ace. The 
First Symposium on Space Flight was held 12 October 1951 at the Hayden 
Planetarium in New York City. Papers read at the Symposium were published 
in March 1952 by Collier's magazine under the title “Man Will Conquer Space 
Soon.” Contributors were Wernher von Braun, Joseph Kaplan, Heinz Haber, 
Willy Ley, Oscar Schachter, and Fred L. Whipple. Topics ranged from manned 
orbiting space stations and orbiting astronomical observatories to problems of 
human survival in space, lunar space ventures, and questions of international 
law and sovereignty in space. Finally, Arthur C. Clarke's The Exploration of 
Space, first published in England in 1951 and a Book of the Month Club 
selection in America the following year, persuasively argued the case for 
orbital space stations and manned lunar and planetary space expeditions, 
popularizing the notion of space llight in general. 

Willy Lry, The Conqutst of Space, lO-SO; “Mr,n Will Conquer Sparc Soon,” Collier's, 

22 Ktareh 19.52, pp. 22 :>(>, t>5 < 17 , 70 72, 7 1; .'\rtlin'' (' t’Lv'kc, The Kxploration of 

Space, 19f)2. 
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At the second annual congress of the International Astronautical Federation 
in London, H. H. Koclle described “Die Aussenstation” as part of a paper 
on “Der Einfluss der Konstruktiven Gestaltung dcr Aussenstation auf die 
Gesamtkosten des Projektes fThe Influence of the Layout of the Satellite on 
the Overall Cost of the Project).” Koelle’s paper represented the most realistic 
appraisal so far of the problems of design and construction of a space station. 
He dealt with problems of payload limitation, orbital assembly, limitations on 
the crew in the space environment, and national and economic factors behind 
space station growth. In Koelle’s view, such a station might be used for 
scientific investigations of Earth’s upper atmosphere, weather observation, astro- 
physical research, and human and chemical research in a zero-gravity environ- 
ment. Also, such a station might serve as a communications and navigation 
link with the ground and as a station for launching more distant space missions. 
He suggested a large circular structure consisting of 36 separate 5-m spheres 
arranged around a central hub, the whole structure rotating to provide an 
artificial gravity environment to offset physiological effects of prolonged weight- 
lessness on the crew. One of the unique elements in Koelle’s scheme was assembly 
of various parts of the station launched via separate rockets, with each segment 
being a complete structure. In this way the station could be made operational 
before fabrication was completed, and subsequent expansion of the structure 
could take place whenever desired. Total personnel complement of the station 
would range from 50 to 65 people. Koelle even estimated the cost of such a 
project: $518 million for construction and $620 million over an operational 
lifetime of six months. 

John W. Massey, Historical Resume of Manned Space Stations, Army Ballistic Missile 

Agency Report No. DSP-TM -9 60, 15 June 1960, pp. 19-26. 


In “Analysis of Orbital Systems,” a paper read at the fifth congress of the 
International Astronautical Federation in Innsbruck, Austria, Krafft Ehricke 
described a four-man orbital station. Arguing ihat a very large space station 
was neither necessary nor desirable, Ehricke postulated a four-man design that 
might serve a number of different purposes, depending upon altitude and orbital 
inclination. He suggested that such a station might be used for a multitude of 
scientific research, for orbital reconnaissance, for an observation platform, and 
as a launch site for more distant space ventures. The station would be launched 
initially by a large multistagcd booster and subsequently visited by crews and 
resupplied by means of smaller ferry rockets. 


Ibid., pp. 28-31. 


The National Advisory Committee for Aeronautics (NACA) and the Air 
Force signed a Memorandum of Understanding concerning the principles in 
the development and testing of the Air Force’s Hypersonic Boost Glide Vehicle 
(Dyna Soar I). 
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The following principles would nppi, ,o ,he projeetr (I) The pmiect would 

t«, f ,u L- ^ I' ‘"anting of the design, construction, and Air Force 

t of the vehicles would be borne by the Air Force. (4) Management of the 
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be^co^u«ed“ir“T“"'°"’ »' the system would 

vehicle and related equipment would be accomplished bv NAC\ the USAF 

:/ a'^nrN^cTuTT" ’ 

joint PMACA-USAF committee chaired by the Air Force. 

mcTTn? T ? “"ft®"''*"®’ Participation of NACA in Develop- 

TKnt snQ Testing ttf the Air Forre ii • rv ^ 

(Dyna Soar I) sien,.H hu r ^ Hypersonic Boost Glide Vehicle 

195fl tnel H K I ^ J *»> Gen. Thomas D. White, Chief of Staff, USAF 13 May 
958, and Hugh L. Dryden, Director NAC.A, 20 May 1958. ^ 

L'vw’T- -'"f " T'”* '• General Dynamics’ 

riKa!, • ' b '» Gnnyair couldt ad';* 

as the stations basic structure. The Atlas, .3 „i in diameter and 22 8 m l^e 

was America s largest rocket at the time. • 8> 

Dave Dooling, “The Evoluti.m of Skylab,” Spaceflight, January 1974, p. 20. 

A 1958 spacecraft design concept for a two-man orbiting laboratory prepaied by H 
Field,^'I^rginia ^foup at Langley 
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In testimcmy before the Senate Committee on Aeronautical and Space Sciences, 
NASA Deputy Administrator Hugh L. Drvdcn and DeMarquis D Wyatt 
Assmant to the Director of Space Flight Development, described the long-range 
J c nes o the agenc\ s space piogiaui: a multimanncd orbiting space station- 
a permanent manned orbiting laboratory; unmanned lunar probes; Ld manned 
lunar orbital, lunar-landing, and— ultimately— interplanetary ilight. 

U.S. Congress, Senate, NASA Authorisation Subcom.nittee of the Com.nittee on 
Aeronautical attd Space Sciences. NASA Supple, nental Authorization for FiuTvZ 
!059: Hearings on S.I096. 86th Cong, 1st sess, 1959, pp 46 81 


JUllll 


I Coett oVr A T Space Re.search, appointed Harry 

X Goett of the Ames Research Center to head a Research Steering Committee on 

anned Space flight to assist Headquarters in long-range planning and basic re- 
search on manned space flight. Composed of representatives from the field cen- 
ters ^ well ^ Heaoquarters, members of the Goett Committee (as it was called) 
me for the fi.t time on 25-26 May. From the outset, they agreL to concern^ 
on the long-range ol^ectives of NASA’s man-in-space program, including support- 
ing research required, coordinating the research efforts of the various field centei^ 
and recommending specific rc.scarch projects and vehicle development programs! 

The most important task facing the Goett Committee was the issue of a flight 
program to oUow Mercury. H. Kurt Strass of the Space Task Group (STG) at 
angley Field, Virginia (the field element that subsequently evolved into the 

anne pacccraft Center), described some preliminarv ideas of STG planners 
regardmg a follow-on to Mercury: (1) an enlarged Mercury capsule to place two 
men in orbit for three days; (2) a two-man Mercur capsule and a large cylindri- 
to support a two-wcek mission. (In its I960 budget, NASA had re- 
quested $2 million to study methods of constructing a manned orbiting laboratory 

conver mg the Mercury spacecraft into a two-man laboratory for extended 
space missions.) ^ ^^ituucu 

S:: “r- 

Appropriations: Hearings, 86th Cong, 1st sess., 1959, np. 42-45. 


test^Tr'f of Space Flight Development, 

Year 1960 for research on techniques and problems of space rendezvous. Wyatt 
explained that logistic support for a manned space laboratory, a possible imst- 
ercury ight program, depended upon resolving several key problems and 
making rendezvous m orbit practical. Among key problems he cited were estab- 
hshment of methods for fixing the relative positions of two objects in space- 
development of accurate target acquisition devices to enable supply craft to iLate 
the space station; development of guidance systems to permit precise determina- 
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“Minutes, Research Stet 


ring Committee on Manned Sparc Flight, 25-26 June 1959,*' 
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1959 

November 


I960 

March 


Douglas Aircraft Co., Inc., was Msilccl by a representative of the London Daily 
.Mail newspaper who was visiting sev eral companies to collect ideas for .space sta- 
tions. The Dnilx Mail held a highly promoted public exhibition each year called 
the “London Daily Mail Home .Show, " and wanted to have “A Home in Space” 
as the theme for the ID.TJ show. Dougl.as ofTered to do a full design study (includ- 
ing mockup details) for him, and after visititig several other companies he returned 
and informed Douglas they had won the “competition. M . Nissim of the Doug- 
las ,'\d\'anced Design Section was gix'en a budget of $10 000 with which he turned 
out a technical report, mockup drawings, and posters to be ased in the show. The 
full-.scalc mockup was built and exhibited in London in 1959. The basic concept 
was identical to the original Saturn “Wet Workshop” but was not connected to 
any projected launch \ chicle .\ hydrogen-fucied stage was chosen simply because 
it ofTered a larger usable volume. Sc\eral concepts for detailed equipment and 
techniques adopted for later programs were originally developed for this study. 

DousUas .\irnaft Co., Report No. SM-'.t6l73, London Daily Mail A.Uronomical Space 

Obicrvatory. NdVi-mlicr 19.')9; im inoraiiduiit, Joe Tschiri-i, McDonnell Douglas .Astro- 
nautics Co., MD.\C, to Walt Clcvclaml, MD.AC, 4 .April 1973. 


The London Daily Mail presented the Space Vehicle at its 1960 Ideal Home Ex- 
hibition, and an estimated 150 000 to 200 000 people p,as.sed through the vehicle. 

The following is extracted from the 1960 exhibition catalog; 

Based tut designs developed l>y Dttuslas .Aircraft C.o., Inc., Santa Monica, C..A, the 

Sitacc A'cliiclc uhich rears its (i2 feet [1!> m] length front the well high into the 

rot'f of the Etiipire Hall will he seen suspended as it would he in flight so that 
visitors tiiay see, for tlte liist time itt history, a fuil-sized re]!lica of a Space Ship 
of tlte fitttiro. It tui'asurt's 17 feet [a tuj ttcross aitd visitors ettn walk tittough it 

front the Tirst Floor of tlte I’tupire Hall atid inspect it in detail. 


Those who do so shoultl assume thtit they arc aboard in the seeond stage of a 
two-stage vehicle. After take-olT the first .stage burns out at an altitude of 
200,000 feet [liO !H10 tn]; the secottd at a height of appro.ximately 250 ntilcs [400 
knt] above sea level. 

Once itt orbit, itt gravity free space, the .Sp,ace A'ehicle is pointed towtirds the .sun 
ami is kept in that positiott oit its course. Its ntission is to ntap stellar spare un- 
hindered by attitosphcric conditions which prevail below, to ntakc spectroscope 
observatiotts tittd to obtain other astrmioinical data, all of which are telemetered 
directly to earth statioits. 

'I'lte crew of four tueit tttake their ascent itt the itose cone (in which they also re- 
enter the atmosphere tiiid return to earth). Once in orbit they move down from 
the cone into the central column, blow out the fuel chatitber w'hi' h is to be their 
workitig atid lit ittg tpiarters -and set up their etiuipment which has l>een stored 
in the iinw IhMwcimi nose and tank. 

'I'lu* shrathin^, whhh kfwrrs tludr jiait of tlu* Vohivlo, opens up into four petals 
whiih haw sun hatunii*'. »*n tlu-ii innor siutakos. 'I'lu'so provido 3 kw of powrr to 
driw du’ ohvtrual iMjuipnH'ni. Insich* iho shoathing. tclcscoprs, radio antennae 


10 




.„,H,JJU.UJAi^ippJTOi 


IMIJUniJiUJUl.lilUMP 




i akt I; early space STATION ACTIVITIES 

Ihc tiansmi^ioi, „f ,(,^’1 .J ^". VVhilc on diitj-, the ercn/ control 

...re nnt, -p™- 

““'f “VT •" ■» 

ntnintt, , n to,,,; a . ‘ '" ‘P“ “ ''"P «"*' > 

qomc., ‘‘'■S'"' P» K) »ithin the .orking 

riic atniosplicric koriditioas within (he \'ehide irr nvni,.nl f 

POoTmJ^'A'ir'l^^ omTy'ihl ^eJ^CO ') ‘0-000 ‘e"t 

i)> the cieu (COj) IS absorbed m special containers. 

'oS;;" Tts r'“ "■« 
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».erge„c; t, third .n'r Ld^.l " “ ‘V'“' »' 

Ihe control console. "aiu.mg earth TV; a fourth ,s on duty at 

In a gravity.freo condition things remain where they are-only “restraint” stran, 
are neccs.sary to prevent “drifting ” ^ V restraint straps 

c t -entry \ chicle is then flown earthwards, losing speed and finally nt n n 
dourir7he''Snd' -'“-atically and the capsule‘floI 

Letter Trevor Smith, London Daily Mail, to Ivan D Ertcl Historical Sor ' a 


The Institute of the .Aeronautical Sciences, N.AS.A, and the RAND Corporat 
sponso.ed a ^Manned Space Stations Symposium featurintx leading aeroLuti 
and acmspace sc.ent.sts and engineers fmm across the country. They examh 
he cnt.rc subject from present planning and future steps through Lgineer, 
fea.b.hty, operat.onal techniciues. designs, costs, and t.tLarian consratio 

‘hi. 

20-72"Airn I9fid.'’‘’ Lo, Angele,, Californi., 
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rh(> architoc tural plans drawn for tlu> 1%0 Ideal Home Exhibition in Empire Hall. 
London, sho\vin,u; three viexNS of the moekup spare station - Drawings courtesy 
of the London Daily Mail. 
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1960 

May 

16-17 


1961 

January 

5-6 


May 

5 



Two photographs of the 1960 Ideal Home Exhibition in London: At left, a “crew- 
man” is at the control panel that operates the battery of space telescopes. Note 
his “shirt-sleeve” clothing. At right, a space-suited “crewman” is outside the 
space station working on one of the telescojies. — Photos courtesy of the London 
Daily Mail. 


Representatives from the various NASA Field Centers and Headquarters attended 
a conference on space rendezvous held at LaRC under the chairmanship of Ber- 
nard Maggin. The participants reviewed current Center research programs on 
space rendezvous and exchanged ideas on future projects. Many of the studies 
already in progress involved the idea of a space ferry and rendezvous witi' a sta- 
tion ill cislunar space. Although as yet NAS.A had no funding for a rendezvou.s 
flight test program, consensus of those at this conference held that rendezvous 
would be essential in future manned space programs and that the Centers should 
undertake experiments to establish its feasibility and to develop various rendez- 
vous techniques. 


Inter-NASA Research and Development Centers Discussion on Space Rendezvous, 
LaRC, 16-17 May 1960, 


McDonnell Aircraft Corporation oflicials proposed to NASA a one-man space 
station consisting of a Mercury capsule and a cylindrical space laboratory capable 
of supporting one astronaut in a shirt-sleeve environment for 14 davs in orbit. 
The complete vehicle, McDonnell said, could be placed in a 240-km orbit by an 
Atlas-Agcna booster, thus afTording NASA what the company termed a “mini- 
mum cost manned space station.” 


McDonnell Aircraft Corp., One Man Space Station, 24 August 1960 (rev. 28 October 
1960). 

A NASA Hq working group headed by Bernard Maggin completed a stall study 
recommending an integrated research, development, and applied orbital opera- 
tions program through 1970 at an approximate cost of $1 l)illion. In its report, 
the group identified three broad categories ()f orbital operations: inspet tion, ferry, 
and orbital launch. Maggin and com])any reasoned that future spa( e progr:uns 
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required the capability for such orbital operations and recommended that a devel- 
opment program, coordinated with the Department of Defense, be undertaken 
immcdiatcl) . Also, because of the size and scope of such a program, they recom- 
mended that It be independent of other space projects and that NASA create a 
separate administrative office to initiate and manage the program. 

Memorandum, Bernard Maggin to Associate Administrator, “Staff Paper— ‘Guidelines 
lor a Program for Manned and Unmanned Orbital Operations,’ " 22 May 1961. 


Space Task Group Director Robert R. Gilruth informed Ames Research Center 
that current planning for Apollo “A” called for an adapter between the Saturn 
second stage and the Apollo spacecraft to include, as an integral part, a section to 
be u^d as an orbiting laboratory. Preliminary in-house configuraUoa designs indi- 
cated tias laboratory would be a cylindrical section about 3.9 m in diameter and 
^.4 m in height. The laboratory would provide the environment and facilities to 
conduct scientific experiments related to manned operaUon of spacecraft. Gilruth 
requested that Ames forward to STG descriptions of scientific experiments be- 
lieved to be important to the development of manned space flights, together with 
a list of necessary support equipment requirements. 


In response to the request from the STG, ARC Director Smith J. DeFrance sug- 
psted a series of experiments that might be conducted from an Earth-orbiting 
laboratory: astronomical observations; monitoring the Sun’s activity; testing 
mans ability to wo.’-k outside the vehicle; zero-g testing; and micrometeoroid 
impact study. DeFrance noted that all of these experiments could be performed 

m the lunar mission module part of the Apoilo rpace vehicle with little or no 
design modification. 


Lettrra, Robert R. Gi«ruth to ARC, “ScicntiHc experiments to be conducted in an 
orating laboratory, (! May 1961 ; Smith J. DeFrance to STG, Attn: Apollo Project 


Ocfobtr 


Emanuel Schnitzer of LaRC suggested a pos.sible adaptation for existing Apollo 
hardware to create a space laboratory, which he termed an “Apollo X” vehicle. 
Schnitzcr’s concept involved using a standard Apollo command and service mod- 
ule in conjunction with an inflatable spheroid structure and transfer tunnel to 
create a space laboratory with artificial gravity potential. He argued the technical 
feasibility of such a scheme with minimal weight penalties on the basic Apollo 
system. (Although little apparently was done with his idea, Schnitzer’s thinking 
along with similar thoughts by many of his colleagues, created a fertile environ- 
ment within NASA for the idea of adapting Apollo-developed space hardware to 
laboratories and .space .stations in Earth orbit.) In April 1962 Paul Hill, Chief of 
the Applied Materials and Physics Division, stated that structures were under 
Study which cuuld hold from 4 to v30 people. 


Emanud Schnilzrr Po„ibU APOLLO "A- InflM Spoc, Laboratory. 
lyoi , Astronoutical and Aeronautical Events oj 1962, 12 June 1963, p. 64. 
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'UiSibLt APOLLO ORBITING LABORATORY 


This spacecraft design of the possible use of Apollo as a space station was prepared bt 
H. Kurt Strass of Space Task Croup in the fall of 1961 . 

MSC designers and planners prepared a preliminary document that outlined 
^cas of investigation for a space station study program (handled largely under 
e ae^s of Edward H. Oiling ol the Spacecraft Research Division). Flight 
Operations Division Chief Christopher C. Kraft, Jr., urged that the study format 
be expanded to include such areas as the operational requirements for a ground 

support and control network, logistics vehicles, and space station occupied vereus 
unoccupied intervals. 

Memorandum. Christopher C. Kraft, Jr., to Edward H. Oiling. “Rough Draft of 
Space Station Study Document,” ! May !962, with enclosure, “Proposed Revision.” 

John C. Fischer. Jr., an aerospace technologist at Lewis Re.search Center, put 
orward a plan for a two-pha.sed approach for a space .station program. The more 
immediate step, involving launching a manned and fully equipped .station into 
orbit, would span some four to six yeam. Such a station would allow investigation 
of stationkceping, rotation of personnel in orbit through supply and ferry craft 
and replacement of modules in orbit through modular construction. The second 
and more .sophisticated pha.se of a space station program, evolving from the earlier 
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1962 

May 


23 


July 31- 
August 1 


Step, envisioned injection of an unmanned inflatable structure into orbit which 
would then be manned and resupplied by ferry vehicles (using hardware and tech- 
niques developed under the earlier phase of such a program). This more sophis- 
ticated approach included artiflcial gravity (eliminating many human and 
hardware-design problems of long periods of zero-g); gyroscopic stability of the 
platform (eliminating requirements for propellants to maintain the station’s orien- 
tation in orbit) ; and supply vehicles designed for reentry and landing at selected 
airports (eliminating the expense of conventional recovery methods). 

John C. Fischer, Jr., Brief Plan for Establishing an Orbital Manned Space Station, 

10 May 1962. 

Representatives from Avco Manufacturing Corporation made a presentation to 
MSC on a proposal for a space station. Prime purpose of the station, company 
spokesmen said, was to determine the effects of zero-g on the crew’s ability to 
stand reentry and thus fix the limit that man could safely remain in orbit. 

Avco’s proposed station design comprised three separate tubes about 3 m in 
diameter and 6 m long, launched separately aboard Titan IIs and joined in a 
triangular shape in orbit. A standard Gemini spacecraft was to serve as ferry 
vehicle. 

Memorandum, K, J. Allen, MSC, to Chief, Flight Operations Div., “Presentation by 
Avco on Space Soitions,” 23 May 1962. 

A symposium held at LaRC, attended by NASA people interested in space station 
work, provided a forum for Langley researchers to report on progress on some of 
the more significant aspects of the Center’s work in the space station area. (A 
general research program to explore the technical problems of large rotating 
manned spacecraft had been under way at the Center for some time.) Various 
researchers emphasized that such investigations were exploratory in nature, since 
there existed no NASA-approved program for the development and operation of 
such a spacecraft. The dozen papers presented at the symposium encompassed 
objectives and research guidelines for a space station; preliminary research con- 

The first radial, integral-launch space station was based on some ideas of H. Kurt 
Strass at Langley Research Center about November 1961 and designed by 
Willard M. Taub at MSC in June 1962 for Charles W. Mathews. Later, it be- 
came known as the foldable Y-shaped space station. 
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DuritiR 1962, wliilc tlic Apollo spaconaft design was still in the delinition stage and a mode for 
the lunar landing had not yet been chosen, other activities were being pursued on a sinaiicr 
scale. C'ne such activity was planning for future programs. NASA Centers, the Air Force, 
and many of the major aerospace contractors were developing possible space statioti concepts 






CONNECTING 
CABLE OR ROD 


extended 

BOOSTER STAGE 



HABITABLE 

MODULE 


U.S. AIR FORCE-SUGGESTED INTERIM STATION 



INJECTION CONFIGURATION DEPLOYED CONFIGURATION 

FOUR-COMPACT-MODULE SPACE STATION CONCEPT 


and studying their potential uses. Some of those concepts, most in consideration at that time, 
are shown on thc.se facing pages. The variety seems to indicate that aerospace engineers, 
given tlic opportunity and challenge, can come up with a number of seemingly far-reaching 
configurations, all of which might achieve the desired result. 
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and $300 OUO to MSFC for contractor-related studies, compared to OART’s 
funding to LaRC of $800 000. 

Maxime A. Faget stated that MSC was revising sonte of ite earlier plans for space 
station studies to include a thorough operational analysis so that rational cost- 
based decisions could be made in 1964. He observed that cost would be a very 
important— if not the most important— factor in any early space station program 
decision, thus dictating a simple design for the vehicle. 

Clint Brown, representing Langley, agreed with Faget’s views and announced 
that LaRC had reorganized its original space station steering group and had re- 
oriented and broadened their conceptual design studies, with greater emphasis 
upon simplicity of configuration and system design. Although Brown and Faget 
disagreed on the principal justification for a space station program (Faget viewed 
it as a support for a future manned flight to Mars, while Brown argued primarily 
its usefulness as a research laboratory for a variety of NASA research elements), 
both agreed on the desirability of bringing all of the Agency’s Program Offices 
(such as the Office of Space Science and .Applications) into the planning picture. 
All the participants at this meeting agreed that a paramount objective for imme- 
diate planning was to define program objectives for a space station— what roles it 
would fill and what purposes it would be designed to accomplish. 

Mrmor.'indum, W. E. Su.ncy, NASA Hq, to R. L. BispUiiRhoff. N.^SA Hq, “OART- 
OMSF and Center Meeting on Space Station Studies;' 5 October 196^. 


Joseph F. Shea, Deputy Director for Systems, Office of Manned Space Flight, 
solicited suggestions from each of the Headquarters’ Program Offices and the 
various NASA Centers on the potential uses and experiments for a manned 
space station. Such ideas, Shea explained, would help determine whether 
adequate justification existed for such a space laboratory, either as a research 
center in space or as a functional satellite. Preliminary .studies already conducted, 
he said, placed such spacecraft within the realm of technology fcitsibility, and, 
if a decision were made to go ahead with such a project, NASA could 
conceivably place a station in Earth orbit by about 1967. Shea emphasized, 
however, that any such decision depended to a great extent on whether adequate 
justification existed for a spare station. In seeking out ideas from within the 
agency, Shea called for roles, configurations, system designs, and specific scientific 
and engineering uses and requirements, emphasizing (1) the importance of a 
space station program to science, technology, or national goals; and (2) the 
unique characteristics of such a station and why such a program could not be 
accomplished by using Mercury, Gemini, Apollo, or unmanned spacecraft. 
Finally, he stated that general objectives currently envisioned for a station 
were as a precursor to manned planetary rnksions and for broad functional and 
scientific roles, 

Memoramlum, Jo.eph F, Shea to Dist., “Dofinition of Potential .Application, for 

Manned Space Stiitioii,” 17 October 19ti2. 
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PART l: EARLY SPACE STATION ACTIVITIES 

Owen E. Maynard, Head of MSC’s Spacecraft Integration Branch, reported 
on his preliminary investigation of the feasibility of modifying Apollo space- 
craft systems to achieve a 100-day Earth-orbital capability. His investigation 
examined four basic areas: (1) mission, propulsion, and flight time; (2) rendez- 
vous, reentry, and landing; (3) human factors; and (4) spacecraft command and 
communications. Although modifications to some systems might be extensive — 
and would involve a considerable weight increase for the vehicle — such a mission 
using Apollo hardware was indeed feasible. 


Memorandum, Owen E. Maynard to Chief, Spacecraft Technology Div., “System$ 
Investigation of a 100-Day Earth Orbital Operation for Apollo,” 12 December 1962, 
with enclosure, same subject. 

MSC researchers compiled a preliminary statement of work for a manned space 
station study program in anticipation of study contracts to be let to industry for 
a supportive study. The study requirements outlined the general scope of such 
investigations and suggested guidelines for research areas such as configurations, 
onboard spacecraft systems, and operational techniques. Ideally, studies by 
aerospace companies would help NASA formulate a logical approach for a space 
station program and how it might be implemented. Throughout the study, an 
overall objective would be simplicity: no artificial gravity and maximum use of 
existing launch vehicles and spacecraft systems to achieve the earliest possible 
launch date. 

MSC, General Requirements for a Study Proposal for a ** Zero-Gravity** Manned Or- 
bital Laboratory, 15 December 1962. 

Addressing an Institute of Aerospace Science meeting in New York, George von 
Tiesenhausen, Chief of Future Studies at NASA’s Launch Operations Center, 
stated that by 1970 the United States would need an orbiting space station to 
launch and repair spacecraft. The station could also serve as a manned scientific 
laboratory. In describing the 91-m-long, 10-m-diameter structure, von Tiesen- 
hausen said that the station could be launched in two sections using Saturn C-5 
vehicles. The sections would be joined once in orbit. 

Future Studies Branch Activities Report, Fiscal Year 1963, TR-4-17-3-D, 19 August 
1963, p. 31. 

MSC proposed building a manned space station using hardware already under 
development for the Apollo program. MSC’s plan called for an orbiting station 
with a capacity for 18 crewmen. Manning would be accomplished through 
successive flights of six-man, modified Apollo-type .spacecraft that would rendez- 
vous with the station in orbit. 

Astronautics and Aeronautics, 1963, pp. 77-78; Baltimore Sun, 2 March 1963. 


Testifying before the House Committee on Science and Astronautics, NASA 
Deputy Administrator Hugh L. Dryden de.scribcd the Agency’s studies of post- 
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Apollo space projects. Among “obvious candidates,” Dryden cited a manned 
Earth-orbiting laboratory, which was a prerequisite for manned reconnaissance 
of the planets. Many preliminary design studies of the technological feasibility 
of a large space laboratory had been made, Dryden said. But technical feasibility 
alone could not justify a project of such magnitude and cost. “We are attempting 
to grasp the problem from the other end,” he said, “. . . to ask what one can 
and would do in a space laboratory in specific fields of science and technology 
with a view to establishing a realistic and useful concept. . , . The program 
must be designed to fulfill national needs.” 


U.S. Congress, House, Committee on Srienre and Astronautics, 1964 NASA Authori- 
zation: Hearings on H.R. 5466 (Superseded by H.R. 7500), 88th Cong., 1st sf*ss., 4-5 
March 1963, p. 20. 


Associate Administrator Robert C. Seamans, Jr., asked Abraham Hyatt of 
Headquarters to organize a task team to study the concept of a Manned Earth 
Orbiting Laboratory. 

Seamans pointed out that such a laboratory was under consideration by several 
government agencies and that NASA and the Department of Defense were at 
that time supporting a number of advanced feasibility studies. He said that such 
a laboratory bore a very heavy interrelationship between manned space flight, 
space sciences, and advanced research and technology and that NASA's top man- 
agement was faced with the decision whether to initiate hardware development. 
Hyatt's team thus must examine broadly the needs of an orbiting laboratory 
from NAS.A’s viewpoint, as well as that of outside agencies, and the operational 
and scientific factors impinging on any possible decision to undertake hardware 
development. 


Memorandum, Robert C. Seamans, Jr., to Dist., ^‘Special Task Team for Manned 
Earth Orbiting Laboratory Study,” 28 March 1963. 


Christopher C. Kraft, Jr., John D. Hodge, and Willmm L. Davidson of MSC's 
Flight Operations Division met at Langley with a large contingent of that 
Center's research staff to discuss LaRCfs proposed Manned Orbital Research 
Lalxjratory (MORL). Langley spokesmen briefed their Houston visitors on the 
philosophy and proposed program phases leading to an operational MORL. 
Kraft and his colleagues then emphasized the need for careful study of operational 
problems involved with the MORL, a.s well as those as.sociated with the smaller 
crew ferry and logistics supply \chicles. Specifically, they cited crew’ selection 
and training requirements, the need for a continuous recovery capability, com- 
munications requirements, and handling procedures for scientific data. 

Memorandum, William L. Davidson to C^lucf. Flight Operations Div., “Notes on Lang- 
ley Research Center’s (LaRCT Proposed Manned Orbital Research Laboratory 
(MORL),” 18 April 1963. 
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MSC announced two space station study contracts to compare concepts for a 
24-man orbita! laboratory: one with the I.nrkheed Aircraft Corporation and 
another with Douglas Aircraft Company, Inc., Missiles and Space Systems 
Division. The stations were to be designed for a useful orbital lifetime of about 
five years, with periodic resupply and crew rotations. 

Douglas Aircraft Co., Report SM 45878, Dousl^s Orbital Laboratory Studies. January 


In a meeting with a number of people from MSC’s Spacecraft Technology and 
Instrumentation and Electronic Systems Divisions, J. E. Clair from Bendix 
Eclipse-Pioneer Division gave a progress report on the company’s study of 
stabilization techniques for high-resolution telescopes aboard manned space 
vehicles (work done under a contract awarded 9 November 1962). In part, 
MSC’s purpo.se was to ensure that Bendix’s study reflect the Center’s current 
definition of space stations. Clair and the MSC contingent explored a number 
of technical problems for different vehicle configurations, including pointing 
accuracy, fields of view, and physical location aboard the vehicle. 

Memorandum, R. L, LaBlanc, MSC, to Deputy Chief, Instrumentation and Electronic 
Systems Dtv., “Conference with Bendix Eclipse-Pioneer Representatives on June 20 
1963,” 17 July 1963. * 


LaRC Director Floyd L. Thompson announced that two aerospace firms, The 
Boeing Company of Seattle and Douglas Aircraft Company, Inc., of Santa 
Monica, had been .selected for final negotiations for study contracts of a Manned 
Orbital Research Laboratory (MORE) concept. Results of the comparative 
studies would contribute to NAS.A’s research on ways to effectively use man in 
space. Although no officially approved project for an orbital laboratory existed 
at the time, re.search within the agency o\ cr the past several years had developed 
considerable technology applicable to multimanned vehicles and had fostered 
much interest in .such a project. Langley’s MORE concept envisioned a four- 
man Workshop with periodic crew change and resupply, with at least one crew 
performing a year-long mission to evaluate the effect of weightlessness during 
long-duration space flights. 


Douglas Aircraft Co., Report No. SM 1 >876, Douglas Orbital Laboratory Studies, 
January 1964. 

In a report to the Aeronautics and Astronautics Coordinating Board, Director 
of Manned Space Flight D. Brainerd Holmes and Air Force Undersecretary 
Brockway McMillan, cochairmcn of the Manned Space Flight Panel, set forth a 
number of recommendations for bringing about a closer coordination between 
NASA and the Department of Defense (DOD) m manned space station studies. 
Although some coordination between the two agencies already existed, direct 
contact was inadequate, especially at the .c hnical level. Holmes requested all 
NASA program offices and those field centers involved in space station work to 



Rene A. Berglund, Chief of MSCs Space Vehicle Design Branch, is shown with 
models of the modular space station he designed, for which he earned a cash 
award from the NASA Inventions and Contributions Panel in July 1963. The 
one on the right is the launch configuration for the orbital revision on the left. 
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July 


comply with the Panel’s recommendations for thorough interchange of study 
work and information with DOD. 

Memorandum, D. Braincrd Holmes to Dist., “NASA/DOD Coordination on Space 
Station Programs,” 10 July 1963, with enclosure, “Report to the Aeronautics and 
Astronautics Coordinating Board fnmi the Manned Sparc Flight Panel. 


16 At Seattle, five men began a 30-day engineering test of life support systems for a 

manned space station in The Boeing Company space chamber. The system, 
designed and built for NASA's OfTicc of Advanced Research and Technology, 
was the nation’s first to include all life-support equipment for a multimanned, 
long-duration space mission (including environmental control, waste disposal, 
and crew hygiene and food techniques). In addition to the life support equip- 
ment, a number of crew tests simulated specific problems of space flight. 

Five days later, however, the simulated mission was halted because of a faulty 
reactor tank. 

NASA News Release 63- 155, “Thirty-Day Life Support System Being Tested for 
NASA,” 16 July 1963; Cleveland Plain Dealer, 21 July 1963. 
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Auh. re,u« of NASA Hq, MSC confractcd with North Amorican to dottmtint 

thoooh thr « 7 " “ » >00-l“y otWal liWm’ .AI- 

S llh s' ”™'f‘ handled chiefly by the Space Vehicle Design 

Director Maxime7"p' ' Division, Engineering and Development 

director Maxime A. Faget requested that all elements of his directorate lend 

X" T 77“ ■° “<< -'“I effor'nltog 

sX 7 il *"'-riW the vehicle model that 

served as the basis for the study: a space laboratory for either a two- or three-man 

100 days without resupply; and launch aboard a Saturn IB. L stated that 
wo separate vehicles were under consideration, an Apollo command module 
and a command module and separate mission module to be used as living quartets. 

Memorandugn, Maxime A. Page, ,o Dig.,, “,00-day Apollo, study support,” 30 July 

NASA and the DOD concluded a joint agreement to coordinate all advanced 
space exploration studies and any actual programs undertaken in the area of 
^ manned orbital research station. The two agencies agreed that, to the -rcatest 
pmjecr ’ ' in this area should be encompassed in a single 

S^TTh"' o'" Department of Defense and the National Aeronautics and 

Space Administration Covering a Possible New Manned Earth Orbital Research and 
Development Project”; NASA News Release 63- 231 “NASA Dnn I 
mo^n Approach to a Manned Orbital research and Development Project “ ^Oc^or 

bv'i^‘"f “JfP" orbital space st dons had been prooosed 

wm IH ^ Aircraft Company. The e.scape system would be a saucer shape that 
uld expand into a blunt-nosed, cone-shaped vehicle 7.6 m across at its base, 
e vehicle would act as its own brake as it passed through the atmosphere 

ofrxr.iC'"" ■“ 

space Business Daily, 9 October 1963, p, 52; Astronautics and Aeronautics, 1963. p. 


August 


Stpftmbur 14 


NASA hnnoimccd ,he »lccUo„ of 14 new Edwin E. Aldrin, Jr 

illiam A^ Andei,, Cliarle A. Bassett II, Michael Collins, Donn F. Eisde,’ 
Theodore C Freeman, and David R, .Scott from the Air Force; Alan L. B«.n 

ai7c w7"’ ■7''“’ J'-' Navy; 

hfm md R itT’ I'l Cunning- 

ham and Ru»ell L. Sehweiekarl, civilian.,. The, latcl addition to tiie aMronant 

corps brought the total number of NASA astronauts to 30. 

MSC News Releuc 63-180, 18 October 1963. 
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The Director of Advanced Research and Technology, Raymond L. Bisphnghoff, 
asked the several field centers to conduct a 'horough assessment of the potential 
utility of a manned orbiting laboratory to conduct scientific and technological 
research in space. To date, Bisplinghoff said, the prevailing view (based pri- 
marily on intuitive judgment) saw such research as one of the most important 
justifications for an orbital laboratory. An accurate assessment of its potential 
was essential so that, as a preliminary’ to undertaking such a project, any such 
decision would rationally examine whether such a projec* should be undertaken 
and what type of laboratory' should be built. 

Letter, Raymond L. Bisplinghoff, NASA Hq, to Dist., “Request for assistance in defin- 
ing the scientific and technological research potential of a manned orbital laboratory, 

31 October 1963. 

North American issued the final report of its study for MSC on extended missions 
for the Apollo spacecraft. In stressing the supreme importance of man’s role 
in the exploration of space — and the uncertainties surrounding the effects of 
prolonged exposure to the zero-gravity environment of space the company 
suggested that an Earth-orbital laboratory would be an ideal vehicle for such 
long-term experimental evaluation, with missions exceeding a year s duration. The 
more immediate approach to meeting the demands for such missions was through 
modification of existing vehicle systems rather than the development of com- 
pletely new space hardware. In the remainder of the report, the company gave 
detailed descriptions of how Apollo .systems might be modified to meet the 
requirements of extended missions, ranging from the biisic command and service 
module to a separate laboratory and habitable module with self-contained .systems 
and life-support equipment. All such basic concepts were technically sound and 
could satisfy mission objectives with minimum costs and dc\elopmcnt time. 

North American, SID Rrporl 63 1370 12, B:xtended-,iiission Apollo Study, Final 
Report, 24 November 1963, pp. 1-5, 19 20. 

Secretary of Defense Robert S. McNamara announced cancellation of the X-20 
Dyna Soar project at a news briefing at the Pentagon. McNamara stated that 
fiscal resources thereby saved would tie channeled into broader research on the 
problems and potential value of manned military operations in space, chiefly 
the Manned Orbiting Laboratory (MOL) project. These decisions on the X-20 
and MOL had been discussed and coordinated with NASA, and, although the 
Air Force received responsibility for the MOL project, NASA would continue to 
provide technical support. 

DOD News Briefing with Hon. Robert S. Mer^iamara, Secretary of Defense, The 
Pentagon, 10 December 1963. 

NASA Hq advised the centers regarding the agency’s official position vis-a-vis 
the Dcfcn.se Department's Manned Orbiting Laboratory project. Both NASA 
and DOD viewed MOL as a projec t designed to fulfill immediate military rc- 
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quircmcnts. The project could not l>e construed as meeting the much broader 
obje< ti\cs and goals of a national sjjace station program being studied bv both 
organizations under post-Apollo research anti development program policy agrcc- 
menls between NASA Administrator James E. Webb and Secretary of Defense 
Robert S. iVIcNamara (dated 14 September 1963). 

IWX, NASA H <1 lo Disc, 19 Doa inhrr 196:5. 


AISl C Director Wernher von Braun descrilred to Apollo Spacecraft Program 
lanagcr Joseph 1-. Shea a jxissible extension of Apollo sy.-iems to permit more 
extensive exploration of the lunar surface. Huntsville’s concept, called the Inte- 
grated Lunar Exploration System, involved a dual Saturn V mission (with rendez- 
\'<)us 111 lunar orbit) to deliier an integrated lunar taxi/shelter spacecraft to 
the Moon’s surface. Wernher von Braun stated that, though this concept was 
most preliminary, such a \chic le could bridge the gap between present Apollo 
capabilities and the longer term goal of permanent lunar bases. (Although this 
suggestion never found serious favor elsewhere within the agency, such thinking 
and ideas were indicative of .speculation throughout NAS.A generally regarding 
po.s.sible applications of Apillo hardware to ai hic\c other space goals once the 
paramount goal of a lunar landing was achieved.) 

LcUcr, Wernher v..n Braim, MSFC, to Shea, MSC, 'Mi December 1963. 


MSC Director Robert R. Gilruth apprised George E. Mueller, .Associate Adminis- 
trator for Manned Space Flight, of recent discussions with ofiicers from the Air 
l orccs Space Systems Division regarding MSC’s joint participation in the 
MOL project in the area of ojierational control and support. Such joint cooper- 
ation might comprise two separate areas: manning requircmeiiLs for the control 
center and stairing of actual facilities. Gilruth suggested that such joint coopera- 
tion would work lo the bcnefil of both ori»anizations involved. Furthermore, be- 
cause a number of unidentified problems inevitably existed, he recommended the 
creation of a joint NASA Air Force group to study the entire question so that 
such uncertainties might be identified and rc.solvcd. 


Letter, 
for the 


E. Mueller, NASA Hq, “Opcratiuiial Support 
UbAI Mai m d Orbitinjr Laboratory,’’ 31 December 1963. 


In an interview for Space Bminess Daily, Edward Z. Gray, Director of Advanced 
Studies 111 NAS.vs OfiTice of Manned Space Flight, predicted that NASA’s 
manned space station would be more sophist it ated than the Defense Depart- 
ments Manned Orbiting Laboratory. NASA had more than a dozen studv 
projects under way, Gia\ said, that when completed would enable the agency 

to apjaaise rcquinmients and puisne the best approach to developing such a 
space station. 

Spcce Busines,s Daily, » January 1961, p. 34. 
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^vcl„p„„„, Plan Manned Orbi.al R«carch Latonnon', «ndi« for 

nhnh nw already undenray al die Onler and under conlracl. fills plan was 
needed as doeumenr„i»n tor any pns.il, |e dec«„n ini, la, e an orbital regard. 

I L=l»ran>rs, and a Large Orbital Research 

•fi Project Development Plan, Gray asked for sys- 

cni specifications for each candidate orbital laborator%' system; Ijoth of th«e 
would form the basis for a project proposal with little delay “should a climate 
exLst in wnich a new project can be started.” 

Letter, E. Z. Gray to 0. J. Doiilan. 12 March 1964. 

' f 

A study to recommend, delinc, and substantiate a logical .appmach for establish- 
ing a rotating manned orbital research laboratory for a Saturn V launch vehicle 

Z^Bu'rb^l. fi/’’' “r "> r.^'^lt^d-Calilornia W 

sn .re , I’Jiscd on the proposition that a large rotating 

its ^sht. 'T A 

uHf T ‘"''r A ■” '*'"7 Study results indicated that no major 

If hT nr r ‘ space staUon program. 

I he program was to be implemented, maximum utilization could he Ldc 

of ^e technologies, equipment, and facilities developed for the Mercury, Gemini 
techn r l’'T?”"’‘ tlcvelopment Ume, and 

Xabed ^ 

Four principal objectixes wore established for the study: study of alternate con 
nguratioms, conceptual design of a rotating .station, .selection of .station sl'tem"' 
and .1 prograin plan Jor the rotating station. Ground rules and guidclints were 
esstabhshed to limit, define, and focus the .studies. .A summary of these folios 

from ^ two-.stage Saturn V. Launch was to be 

from Cape Canaveral. Honda, m July 1968; the ,ioriod from 1967 to 1970 was 
to be considered. 

• 1 he station was to lie fully operational for one to five years. 

The space station was to be launched unmanned. 

• Crew size was to be 24 men. 

di.j/'" ’■'"'•'"""S i" ■I'' >■>.", uuiicd com 

dition for a minimum period of one montli. 

• Meteoroid and radiation environment was as .specified by NASA MSC 

<i i U 7 '" ‘0 lOI kilonewtons per sq m 

(3..) to 14.7 psia) within any one module or the zero-gravity lalioratory, with the 
noimal value being 48 kilonewtons per sq m (7.0 psia). 

• Design criteria for the life support sNstem were those .specified by NASA. 

ranid7 'm- designed to accommodate emergencies, and 

rapid tgre.ss would not be a primary design constraint. 

• Crew duty cycles would vary between three months and one year 
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1964 • The basic resupply period would be 90 days; however, variations to this 

period would be considered. 

• Logistic spacecraft to be considered would include the 12-man ballistic 
or lifting body designs or a 6-man modified Apollo. 

• Maximum use would be made of already available or planned equipment 
and technologN' or modest extensions thereof. 

If the Gemini and Apollo programs were continued at the current pace, research 
requirements for implementing a large rotating space station were few. These 
requirements were 

Aeronautics 

No aeronautics problems, as such, were anticipated; however, continuing re- 
search on the properties of the atmosphere at the orbital altitude would 
allow more accurate prediction of orbit decay rates. 

Biotechnology and Human Research 

Research to define more precisely the radiation environment and its effects 
on man should be continued. In connection with this work, better methods 
of measuring radiation dosage to man and of prognosis of potential damage 
were required. 

Continuing research on the long-term effects of reduced gravity and methods 
of counteracting such effects were necessary. Major contributions would be 
made in the Gemini and Apollo programs. 

Analysis and experimentation in the area of crew performance under re- 
duced or zero gravity would aid in the design of equipment for both oper- 
ations and maintenance. 


Environmental and Stabilization Controls 

Active systems had been proposed for stabilizing the rotating space station. 
Research in the area of passive stabilization devices would provide both in- 
creased reliability and decreased power consumption. 

Environmental control on the space station would use currently available 
hardware, with the exception of the oxygen regeneration unit. The proposed 
arrangement would make use of the Bosch process, which requires a large 
amount of electrical power for the electrolysis of water. Research would be 
required on the electrolysis process and on alternative means of reclaiming 
oxygen. 
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C. Howard Robins, Jr., and others in the MSC Advanced Spacecraft Technology 
Division investigated the suitability of and formulated a tentative mission flight 
plan for using a Gemini spacecraft to link up with an orbiting vehicle to achieve 
a long-duration space mission (dubbed the “Pecan” mission). The two crewmen 
were to transfer to the Pecan for the duration of the mission. As with similar in- 
vestigations for the application of Apollo hardware, the scheme postulated by 
Robins and his colleagues emphasized maximum use of existing and planned 
hardware, facilities, and operational techniques. 

Howard C. Robins, Jr., “On the Establishment of a Nominal Flight Plan for the 
Gemini-Pecan Mission,” MSC Internal Note No. 54-EA-22, 29 April 1964. 

Secretary of the Air Force Eugene M. Zuckert announced that three firms, Doug- 
las Aircraft Company, General Electric Company, and The Martin Company, 
had received authorization to begin work on space station studies. Zuckert pre- 
dicted also that the Titan III would be test-flown that summer and would launch 
the Manned Orbiting Laboratory sometime in 1967 or 1968. 


Astronautics and Aeronautics, 1964, p. 205. 


The recent creation of the Apollo Logistic Support System Office in Washington 
prompted the formal investigation of a variety of extensions of Apollo hardware 
to achieve greater scientific and exploratory dividends from Apollo hardware. 
Director of Special Manned Space Flight Studies William B. Taylor suggested to 
William E. Stoney and others in Houston that Grumman receive a study contract 
to investigate possible modifications to the lunar excursion module (LEM) to 
create a LEM truck (concepts which the company had already investigated pre- 
liminarily on an in-house basis). The time was appropriate, Taylor said, for more 
intensive and formal efforts along these lines. 

Leiter, William B. Taylor, NASA Hq, to William E. Stoney, MSC, “LEM Truck,” 

24 June 1964. 


••“'y A Study submitted to NASA by Douglas Aircraft Company concluded that a six- 

man space research station, capable of orbiting for one year, could be orbiting the 
Earth within five years. The crew, serving on a staggered schedule, would travel 
to and from the station on modified Gemini or Apollo spacecraft. The station 
would provide a small degree of artificial gravity by rotating slowly and would 
include a centrifuge to simulate reentry forces. 


Douglas Aircraft Co., Report No. SM-45B7ii, Douglas Orbital Laboratories Studies, 
July 1964. 


Commenting on Republican Presidential candidate Barry Goldwatcr’s views on 
the space program, Warren Burkett, science writer for the Houston Chronicle, 
observed that a great deal of research being conducted as part of NASA’s Apollo 
program could be of direct value to the military services. Burkett contended that 
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an orbital laboratory using Apollo-dcvcloped components could be used for such 
military applications as patrol and orbital interception. He suggested that, with 
Apollo, NASA was generating an inventory of “off-the-shelf* space hardware 
suitable for military use if needed. 


1964 

July 


Houston Chronicle, 26 July 1964. 

Willis B. Foster, Director of Manned Space Science in the Office of Space Science 
and Applications, distributed a preliminary draft report of the Ad Hoc Astronomy 
Panel of the Orbiting Research Laboratory (ORL). The panel, which met on 
26 October 1963 and again on 24 June 1964, was created to sound out the Amer- 
ican scientific community on the validity of manned astronomy in space and to 
define astronomy objectives for the ORL mission. The panel promulgated a 
broad statement on the scope and direction of the manned space astronomy pro- 
gram. Although sounding rocket and unmanned satellite programs had merit, 
the panel stated that broader, more flexible — and ultimately more economical — 
astronomy programs required the presence of man in space. Initial manned as- 
tronomy programs should be carried out as soon as possible, and, although pri- 
mary interest was on Earth-orbital systems, the panel clearly was looking forward 
to the eventual possibility of lunar surface observatories. 

The Ad Hoc Astronomy Panel also presented a comprehensive rationale for man’s 
role in space astronomy: assembly of large, bulky, or fragile equipment in space; 
maintenance, repair, and modification of equipment; and direct monitoring of 
scientific apparatus and immediate data feedback during critical periods and for 
specialized operations. While recognizing that the presence of flight-oriented as- 
tronauts was mandatory aboard an ORL, the panel recommended inclusion in the 
crew of a qualified astronomer to direct scientific operations aboard the laboratory. 

Letter, Willis B. Foster, OSSA, to A. D. Code, University of Wisconsin, 3 August 1964. 


August 

3 


MSC’s Spacecraft Integration Branch proposed an Apollo “X” spacecraft to be 
used in Earth orbit for biomedical and scientific missions of extended duration. 
The spacecraft would consist of the lunar Apollo spacecraft and its systems, with 
minimum modifications consisting of redundancies and spares. The concept pro- 
vided for a first-phase mission which would consider the Apollo “X” a two-man 
Earth-orbiting laboratory for a period of 1 4 to 45 days. The spacecraft would be 
boosted into a 370-km orbit by a Saturn IB launch vehicle. Variations of config- 
urations under consideration provided for Configuration A, a Iwo-man crew, 14- 
to 45-day mission, no lab module; Configuration B, a three-man crc ., 45-day 
mission, single lab module; Configuration C, a three-man crew, 45-day mission, 
dependent systems double lab module; and Configuration D, a three man crew, 
120-day mission, independent systems lab module. 

MSC Intprnal Note N<>. 64 KT-53, “.\pnllo Systems Extension, Apollo ‘X,* Descrip- 
tion and Mission Intcriclationships,” 17 August 1964. 
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The Apollo “X” spacecraft as it was 
visualized in both launch and 
Earth-orbit configurations by per- 
sonnel of the MSG Spacecraft In- 
tegration Branch in August 1964. 




EARTH ORBIT 
0 45 DAYS) 


A background briefing for the press regarding astronomy programs was held in 
Washington. Nancy Roman, who directed the agency’s astronomy activities, dis- 
closed that NASA was studying the feasibility of a manned orbiting telescope. Al- 
though the telescope would be de.signed to operate automatically, man would 
adjust its focus, collect film packets, and make any necessary repairs. The space 
agency had already invited members of the scientific community to propose astro- 
nomical studies suitable for use in space, and several NASA centers were per- 
forming related engineering support studies. 


Astronautics and Aeronautics, 1964, p, 327. 

In an interview for Missiles and Rockets magazine, As.sociate Administrator Rob- 
ert C. Seamans, Jr., stated that NASA planned to initiate program definition 
studies of an Apollo X spacecraft during Fiscal Year 1965. Seamans emphasized 
that such a long-duration .space station program would not receive funding fw 
actual hardware development until the 1970s. He stressed that NASA’s Apollo X 
would not compete with the Manned Orbiting Laboratory program: “MOL is 
important for the military- as a method of determining what opportunities there 
are for men in space. It is not suitable to fulfill NASA requirements to gam sci- 
entific knowledge.” 


Missiles und Rockets, 26 October 1964, p. 14. 


DM«mb«r 
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In a letter to Apollo Program Director Samuel C. Phillips regarding tentative 
spacecraft development and mission planning schedules, Joseph F. Shea, Apollo 
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Above IS a draftsman’s completed work, taken from a rough sketch prepared by 
W crnher von Braun on 24 November 1964. All the descriptive material on either 
side of the conceptual space station was taken directly from von Braun’s penciled 
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Spacecraft Program Manager, touched upon missioas following completion of 
Apollo’s prime goal of landing on the Moon. Such missions. Shea said, would in 
general fall under the heading of a new program (such as Apollo X). Although 
efinmg missions a number of years in the future was most complex, Shea advised 
toat MSC was planning to negotiate program package contracts with both North 
American and Grumman through Fiscal Year 1969, based upon the agency’s 
most recent program planning schedules. 

Letter, Joseph F. Shea, MSC, to Samuel C. Phillips, NASA Hq, 1 December 1964. 

In a letter to President Lyndon B. Johnson, Senator Clinton P. Anderson, Chair- 
man of the Committee on Aeronautical and Space Sciences, recommended that 
the Air Force’s MOL and NASA’s Apollo X programs be merged. Senator An- 
derson argued that a jointly operated national space station program would most 
effectively use the nation’s available resources. He claimed that $1 billion could 
be saved during the next five years if the MOL were canceled and those funds 
applied to NASA’s Apollo-based space station program. 

In mid-December, Anderson issued a .statement saying that the Department of 
Defense and NASA had worked out an agreement on MOL and Apollo X that in 
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large measure answered the questions he had earlier raised. ‘The Air Force and 
NASA will take advantage of each other’s technology and hardware develop- 
ment, Anderson said, “with all efforts directed at achievement of a true space 
laboratory as an end goal.’* 

Astronautics and Aeronautics^ 1964, pp. 382, 425. 

LaRC announced award of a 10-month contract to The Boeing Company to 
study the feasibility of-designing and launching a manned orbital telescope and to 
investigate ways in which such an astronomical observatory' might be operated, 
particularly the role that man might play in scientific observations. The study 
presumed that the telescope would be operated in conjunction with the proposed 
Manned Orbital Research Laboratory being investigated by Langley. 

Astronautics and Aeronautics, 1964, p. 415, cites LaRC Release. 


Defense Secretary Robert S. McNamara announced that the Department of De- 
fense was requesting proposals from the aerospace industry for design studies to 
support development of the MOL (especially cost and technical data). Three con- 
tractors would be chosen to conduct the studies, a step preliminary to any DOD 
decision to proceed with full-scale development of the space laboratory. 

Astronautics and Aeronautics, 1965, p. 27, cites DOD News Release 42-65. 


Testifying before the House Committee on Science and Astronautics during hear- 
ings on NASA’s Fiscal Year 1966 budget, Associate Administrator for Manned 
Space Flight George E. Mueller briefly outlined the space agency’s immediate 
post- Apollo objectives: “Apollo capabilities now under development,” he said, 
“will enable us to produce space hardware and fly it for future missions at a small 
fraction of the original development cost. This is the basic concept in the Apollo 
Extension System (AES) now under consideration.” Mueller stated that the 
Apollo Extension System had “the potential to provide the capability to perform 
a number of useful missions utilizing Apollo hardware developments in an earlier 
time frame than might otherwise be expected. This program would follow the 
b«asic Apollo manned lunar landing program and would represent an intermediate 
step between this important national goal and future manned space flight 
programs.” 


U.S. Congress, House, Co .mittec on Science and Astronautie , 1966 NASA Authori^ 
ration: Hearings on H R. 3730 (Superseded by H.R. 7717), 89th Cong., 1st seas. 

1965, pp. 111-U5. 

In a major policy meeting <at Headquarters, among George E. Mueller, Associate 
Administrator for Manned Space Flight (OMSF), Homer E. Newell, Associate 
Administrator for Space Science and .Applications (OSSA), and members of their 
staffs, a fundamental policy agreement was worked out regarding responsibilities 
for .scientific experiments aboard manned space flights. Basically, OSSA had re- 
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to three months in Earth orbit. T;isks in support of these objectives, Faget stated, 
fell into two priorities: (1) those tasks required to verify an early ,\ES capability; 
and (2) tasks in support of later AES rnksions and for system improvement. Those 
t,'.sks ha\ing immediate priority, therefore, demanded the “hard core” of AES 
funding c.sscntial to meet the early *\ES flight dates. 


Letter, Maxlme A. Faijet, MSC, to E. Z. Gray, NASA Hq, “FY 1966 AES program 
definition and subsystem development program submission (905),” 4 May 1965, 


LaRC awarded Douglas Aircraft Company a follow-on study contract for the 
MORL, emphasizing use of the AES program as a prerequisite to the MORE. 
Douglas was to examine particularly interfaces between AES experiments and 
missions and the MORE program. 

LaRC Ctmtract NAS 1 5612. 


NASA announced selection of six scientist-astronauts to begin specialized training 
at MSC: for the Apollo program. The men, chosen by NASA from a group of 
16 nominated by the National Academy of Sciences, included one geologist, two 
physicians, and three physicists.' The six new spacemen wore Owen K. Garriott of 
Stanford Univei*sity; Edward G. Gibson of the Acronutronic Division of Philco; 
Duane E. Graveline, a flight surgeon at MSC; Joseph P. Kerwan, a Navy flight 
surgeon; Frank C. Michel of Rice University; and Harrison H. Schmitt, an 
astrogeologist for the U.S. Geok)gical Survey. 

NASA News Rdeasc 65 212, “N.AS.A Sclcrls Six Sdnuist-.Xstronauts f(»r Apollo 
Program,” 28 June 1965. 

NAS.\ Associate Administrator Robert C. Seamans, Jr., named the Deputy .\sso- 
j date Administrator for Programming to coordinate the ageiic\'s lesponscs to 

other governmental agencies regarding post-Apollo program planning and re- 
view. At present, Seamans said, considerable inteiest concerning NASA's post- 
Apollo plans existed in the space committees of both the Senate and the House of 
Rcpicsentatives; the President's Science Advisory Ca)mmittee; the Office of Sci- 
ence and lechnology; the Nation ■ \ironautics and Space Council; and the 
Bureau of the Budget. .All were deeply involved in policy planning of direct 
concern to NASA. During forthcoming months, he empliasized, it was imperative 
that various program presentations and agency planning statements accurately 
reflect thinking of the ageiu \ s top leatlership and that no contnidictor)’ positions 
be made outside the agency. This w^as essential, he .said, “because of the very 
sensitive nature of many of the piv ;’^»'am options open to us and liecau.se of the 
intimate links between the NAS.\ program and those of other major agencies.” 

Memorandum, Robert tl. Seaman.s, Jr., to Deputy Associate .Administrator for Pro- 
gramming, “Post-Apollo Planning Reviews,” 8 July 1965. 

** Edward Z. Gray, Director, .Atlvaiu ed Manned Missions Program at NASA Hq, 

informed the («entcr Directors at MSC, MSEC, and KSC of significant recent 
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program dcasions on the approach t(, he followed during Fiscal Year 1966 in 
defining payload integration for the AKS to the extent necessary for awarding 
major project contracts approximately a year later. In defining AES activity. 
Gray said, the Centers must follow the pha.scd approach, with definition pha.se 
contracts to be awarded competitively to industry about the first of 1966. These 
contracts, to run for about five months, were to include the several companir,’ 
proposals for accomplishing the payload integration effort for all AES flights and 
would form the basis for N.\S.\'s final choice of integration contractors. Current 
plans, Gray said, were based on selection of two such jxiyload integration con- 
tractors, one at MSC and the second at MSEC:, each responsible for about half of 
all .\ES flights. (During the integration definition phase contracts, however, MSC 
had lead responsibility for competition and selection of studv contractor^, with 
participation b> MSFC and KSC. Gray authorized MSC to supplement the 
existing AES study contracts with North American and Grumman to as.sist in 
the payload integration definition eflor- ' 

Letter, Edward Z. Gray, ,\.\SA Hq, u. Diree f.rs, MSC, MSKC, and KSC, “AES 

Mission I lamiing and Payload Integration/’ July 1965. 


The final report on a modular multipur|X).se space station was delivered to MSC 
y the Spacecraft Organization of Lockheed-Cialifornia Ciompany. The concept 
provided for a sequential evolution of space vehicles ranging from small .dpollo- 
dependent laboratories, through larger, more versatile laboratories, to a semi- 
permanent space station. 

Initial objectives of the .study were to refine and optimize the design of the large 
orbital research laboratory. Eight tasks were defined In NASA to fulfill the intent 
..f those objectives; In.t later, at NASA direction, efforts were concentrated on 
Experiments and Utilization" and “Design of Modular C.'oucepts,” two of the 
original tasks. The other tasks were reduced in scope or tern inated. 

1 he ultinum olijectives of the program were conceptual investigation of a family 
of .space stations utilizing the modular, or building block, concept and integration 
of a broad spa tri.m of experiments and applications into this family of .space 
Rations. I he study was a follow-on effort to “Study of a Rotating Manned 

Orbital Space Station,” pe.-formed for .\!SC by Lo khced. (See March 1964 
entry.) 

1 he modular concept, as defined in the suidy. could be applied to a wide variety 

of missions and coiifiguration.s. but only six inksioiis using four configurations 
wcic developed: 

• A 45-da\ mksion, three-man crew. 370-km orbit at 28.5-degree inclina- 
tion; one compartment laboratory. 

• A 1-year niksion. .six-man crew. :f7()-km orbit at 28.5-degree inclination; 
two compartment laboratory. 

• A 90-day illusion, three- to s x-maii crew, :f7()-km orbit at 90-degree 
inclination; two compartment laboratory. 
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• A 90-day mission, three- to six-man crew, 35 900-km orbit at 30-degree 
inclination; two compartment laboratory. 

• A 1- to 5-year mission, six- to nine-man crew, 370-km orbit at 28.5-degrce 
inclination; interim statioii (six compartments). 

• A 5- to 10-year mission, 24- to 3G-man crew, 480-km orbit at 29.5-degrce 
inclination; operational station (Y configuration). 

This investigation of the four configurations, as opposed to the study of a single 
design, dictated that Lockheed utilize a conceptual study approach and reduce or 
eliminate efforts not directly applicable to feasibility demonstration. Only major 
structural and mechanical designs were produced. Detailed design was limited 
to the depth necessary to ensure concept feasibility. 

Two groups of NASA-furnished experiments provided the basis for determining 
interior arrangements of individual stations: 85 priority I Apollo Extension 
Systems experiments for the one- and two-compartment laboratories and 405 
“Supplementary Applications” for the interim and operational stations. The 
experiments were briefly reviewed to define man-hour, power, weight, volume, 
types of equipment, and laboratory layout requirements. 

Principal guidelines were used to aid in defining the modular multipurpose space 
station: 


• Use of state-of-the-art equipment was emphasized, but advanced sub- 
system concepts were considered and design flexibility maintained so equipment 
of advanced design could be incorporated when available and proven. In all 
cases, systematic growth potential was achieved without requirements for major 
developments or technical innovations. 

• Utilization of identical components and equipment on as many of the 
stations as possible was stressed to reduce cost, complexity, and technical risk. 

• Two basic structural module diameters were studied — the 465 cm and 
660 cm — and the advantages and disadvantages of the two sizes were compared 
in order to make recommendations for a final choice. 

• All configurations of the modular multipurpose space station would be 
launched from Cape Kennedy by Saturn launch vehicles. 

• Meteoroid and radiation environment models were specified by MSC. 

Lockheed-Caiifornia Co., C^ondrnsed Summary of Final Report (LR 18906), “Modular 
Multipurpose Space Station Study,” 30 July 1965. 

Grumman submitted to NASA its final report on a study of AES for Earth-orbit 
missions (conducted under the firm’s contract for a LEM utilization study). The 
five-volume report comprised general engineering studies, mission and configura- 
tion descriptions for different groups of experiments (both NASA’s and those for 
the Air Force’s Manned Orbiting Laboratory), and a cost and schedule analysis. 
(Grumman’s basic LEM utilization study explored potential uses for that vehicle 
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duti« of SAA A«.ng Director. John H. Disher, formerly Test Director in the 
Apollo Program Office, was named Deputy Director. 

Mueller sent Center Directors planning guidelines for proceeding with the 

reS f program, including schedules, missions, organizational 

fThir^* -H? and experiment definition and development 
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rocket stage-laboratory ideas (essentially those as presented to the Manned 
Space Flight Management Council on 20 July 1965). These studies formed the 
point of departure for the four-month OWS study. Those present agreed that 
serious consideration must be given to simplified versions of the Workshop to 
achieve early launch dates and to hold down program costs. 

A technical working group was created to oversee the conceptual design study, 
with J. H. Laue as chairman. Laue divided areas of responsibility among the 
group members and planned to hold biweekly meetings for the duration of 
the study. 

Memoranda, F. L. Williams, MSFC, to Dist., “S-IVB Orbital Workshop Design 
Study,” 20 .August 1965; J. H. Laue, MSFC, to Dist., “Minutes of August 25, 1965, 
S-IVB Orbital Workshop Conceptual Design Study Meeting,” 30 August 1965. 

At a White House news conference, President Lyndon B. Johnson announced 
approval for the Department of Defense's development of the $ 1.5-million 
Manned Orbiting Laboratory (MOL). Such a program, the President said, 
would bring “new knowledge about what man is able to do in space.” Further, 
MOL “will enable us to relate that ability to the defense of America.” 

Public Papers of the Presidents of the United States, Lyndon B. Johnson, 1965, Book 
II, 1 June to 31 December 196C, p. 917. 


George E. Mueller, Associate Administrator for Manned Space Flight, requested 
MSC Director Robert R. Gilruth to identify the requirements for a spacecraft 
atmosphere selection and validation program to support the longer duration 
phase II missions of the AES program. (Mueller’s request stemmed from a 
series of discussions and AES planning meetings between him and the Director 
of Advanced Manned Missions Studies, Edward Z. Gray, during June and July.) 
Although nominal mission duration for the phase II flights was pegged at 45 
days, Mueller affirmed the likelihood that, with the conduct of rendezvous 
missions, flight times for some crewmen could be as long as 135 days. Ac- 
cordingly, he asked that MSC evaluate the question of spacecraft atmospheres 
based upon mission durations of 45, 60, 90, and 135 days. Mueller requested 
MSC to complete the atmosphere cabin validation program expeditiously so that 
results could be readily incorporated into the design of the vehicle and integrated 
into mission planning. 


In his reply, Gilruth stated that studies of single, as well as two-gas atmospheres 
were required. Continued research on a 34-kilonc vton-per-sq-m (5-psia), 100- 
pcrccnt oxygen atmosphere was desirable both scientifically and operationally. 
Such a cabin atmosphere was very attractive because of attendant simplicity of 
the environmental control system. However, Gilruth said, recent data indicated 
possible impairment of vital body processes that necessitated additional study to 
validate the pure oxygen environment for flights of longer than 30 days. MSC 
researchers had begun investigating various combinations of two-gas atmospheres, 


48 


original 
OF POOP, qualths 


. 7 » 


PART II: APOLLO APPLICATIONS PROGRAM 


chiefly mixtures of oO-pcrccnl oxysijcn and 50-pcrccnt nitrogen; 70-percent 
oxygen and 30-pcrcent nitrogen; and 70-percent oxygen and 30-pcrcent helium. 

MSC had underway, both in house and under contract, engineering studies of 
two-gas environmental control systems, and AiResearch Corporation was already 
developing such a system using as many existing command and service module 
components as possible. Houston was also working clt)scly wath the Air Force’s 
School of Aviation Medicine during that agency's investigations of various cabin 
atmospheres. Hnally, Gilruth stated, Houston planned to hold a Workshop 
conference with engineering and pulmonary physiology specialists to establish the 
basis for atmosphere selection and to discuss implementation of experimental 
programs. 

Letters, George E. Mueller to Robert R. Gilruth, 27 August 1965; Robert R. Gilruth 
to George E. Mueller, “Requirements for a spacecraft atmosphere selection and vali- 
dation program,” 12 November 1965. 

During several visits to MSC, NASA Administrator James K. Webb raised a During 

number of technical and policy questions relating to programs and management 

practices. Webb .seemed particniarly concerned about the difliculty of getting ^*^"**' 

the program ofliccs at Headquarters and the Centers to take an active interest 

in NASA’s potential influence in the national economy arid world affairs. During 

his second visit (20 August), he again expressed his interest in a spacecraft using 

true off-the-shelf technology as a method of reducing costs and repeated his 

belief that the time was right to begin serious study of a Saturn V space station. 

Early the following month, MSC Director Robert R. Gilruth scheduled planning 
sessions to discuss the part MSC management might play in helping shape NASA 
decisionmaking regarding the next major mission to be undertaken in the 
manned space flight program. Gilruth was particularly interested in the ideas 
raised by Webb during his recent visits to Houston. Gilruth stated his conviction 
that any decision on the next major mission must recognize two chief constraints: 

(1) maximum use of existing hardware and technology and (2) maximum use of 
existing NASA facilities, particularly the manned field centers. The MSC 
Director put forth several points for consideration : what the next major mission 
should be; how Apollo Extension Systems and the Saturn V might best be 
incorporated into that mission; and how Houston might divide responsibility for 
workloads and program with MSFC and KSC without relinquishing any of its 
traditional responsibilities. 

Memorandum, Robert R. Gilruth to Oist., “Discussion on Future Missions,” 7 Sep- 
tember 1965, with enclosure, ineinorandum, P. E. Purser, MSC, to Robert R. Gilruth 
and G. M. Low, MSC, “Notes t)n Visits of Mr. Webb to MSC During August 1965,” 

2 September 1965. 

At Headquarters, Saturn/ Apollo Applications Deputy Director John H. Dishcr Stpttmbtr 

formally redesignated Apollo Extension System the Apollo Applications Program. 

(Sec 6-10 August 1965 entry.) 
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August 
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1965 

S«pt*mb*r 

13 


Memorandum, John H. Dishcr to J. P. Field, Jr., and W. Taylor, NASA Hq, 10 Sep- 
tember 1965. 


Associate Administrator for Manned Space Flight George E. Mueller officially 
informed the Directors of MSC, MSFC, and KSC of changed management 
guidelines for Center roles in AES as informally agreed upon during discussions 
in Washington (see 6~10 August 1965): 

• MSC — responsible for spacecraft development, flight crew activities, 
mission control and flight operations, and command and service modules payload 
integration. 

• MSFC — responsible for launch vehicle development and payload integra- 
tion for all lunar excursion module AES-modified vehicles (termed “derivatives’*). 

• KSC — responsible for prelaunch assembly, checkout, and launch of all 
AES vehicles. 

Final decision on the Apollo-type versus contractor approach for payload 
integration was deferred pending results of phase I mission studies underway at 
North American and Grumman and of a payload integration definition study to 
be let by MSFC. These guidelines, said Mueller, should be incorporated into 
the Centers’ planning efforts for AES implementation. 


TWX, George E. Mueller to MSC, MSFC, and KSC, 13 September 1965. 


M NASA selected the Perkin-Elmer and Chrysler corporations to study feasibility 

of including optical-technology experiments, particularly lasers and large tele- 
scopes, in future extended Apollo flights. NASA was also interested in optical 
communication in deep space, the effects of space environment on optical 
systems, and related experiments. The program would be directed by MSFC. 

MSFC News Release 65-223, 14 September 1965, 


21 


During 

th« 

Munth 


William B. Taylor and other .\pollo Applications Program planners made a 
major presentation on AAP plans to James Webb, Hugh L, Dryden, and 
Robert C. Seamans, Jr., of NASA Hq. Webb made a number of comments 
regarding the direction of AAP planning. He emphasized that AAP planning 
must remain extremely flexible to meet not only changing mission objectives and 
goals, but also broader changes in national policy, resources, and manned space 
flight objectives generally. Webb disapproved of tying any AAP schedules to a 
date for accomplishment of the Apollo lunar landing objective, .since that goal 
was not inviolate. 

Memorandum, S. Ingram to George E. Mueller, “AES (AAP) Presentation to Mr. 

Webb, September 21, 1965, Afternoon Session,” 24 Scpu»mber 1965. 

A plan for orbital .space station development responsive to the research and 
development needs of a broad-based space exploration program was presented 
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tT'’" Rakententechnik und Raumfarht. Munich, 

Germany. The paper v.-as prepared by Douglas Aircraft Company, Inc., Santa 

of °snar‘ T paper centered on low-Earth-orbital applications 

of space stations. It suggested that the .space station system would sLt with 

!^^ce1ta“ -n-d 

rcauted^^Ii?°*^'^^"^ station, four major subsystems would be 

Of hi h 'rr and communications. 

ese, the life support and power subsystems would require significant 
extensions to current technology, ^ ° 

tlmi*X*'evoi°t^ lunar-orbital and interplanetary missions, it was indicated 
that in the evolution of the space station the low-Earth-orbital missions were 
of primary importance because they could accommodate applications develop- 
ment, capability-engineering development, biomedical behavioral experimente 
and scientific experiments. Polar orbits would be required for carLrapht’ 
meteorologic, geologic, and natural resources surveys. Synchronous orbite would 

!!rhTt allowing continuous communications 

without the necessity of vast ground or orbital relay networks. 

melt °l Manned Space Stations and Their Develop, 

ment Problems. Douglas Aircraft Co., Paper No. 3633, September 1965. ^ 

The Stanford Research Institute, Menlo Park, California, performed a study 
on a manned orbital research laboratory (MORE) for Douglas Aircraft Company 
Inc., Santa Monica. Major conclusions of the study included the following: 

' The MORE mission was highly desirable for the posture of the United 
States in the international community. The improvement of this position would 
represent, perhaps, MORE’s greatest contribution to our nation. 

• The greatest social benefits would come from fundamental research ex- 
periments and missions that would hold promise of great economic returns. 

• Economic benefits likely to accrue from certain MORE experiments 
would range up to several hundred million dollare per year. 

• A priority of MORE missions could be established; the highest ranking 
category contained selected fundamental research experiments and Earth-oriented 

appheauon experiments arranged in order of decreasing anticipated economic 
payoffs. 

• The great value of an MORE— in comparison with (an) unr. anned 
orbital station(s)— resided (1) in the vast complexity of tasks a man could 
perform reliably, e.g., research, and (2) in the efficiency of a m n in collecting 
only pertinent information, again during the research phase. M; /vould provide 
a unique recognition clement, and any response times inv d in manned 
experiments would be equal to real time. The reliability of sa 
tion that was initially very complicated could therefore be j 
missions at less than the prohibitive costs involved in unmanne 


: experimenta- 
ed by manned 
missions. 
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1965 

S*pf«mb«r 

Octobtr 

3 


Stanford Research Institute, Priority Analysis of Manned Orbital Research Applica- 
tionsy Vol. I, Summary Report, September 1965. 


AAP Director Williiiin B. Taylor named Joseph G. Lundholm to fill the newly- 
created position of Manager, Apollo Applications lixperimcnts. In his new job, 
Lundholm represented Tay lor in all cases involving definition, development, test, 
and operation of experiments for AAP missions. 

Memorandum, William B. Taylor to Dist., “.\pollo Applications Experiments Man- 
ager/’ 8 October 1965. 


n In a paper presented at the American Institute of Aeronautics and Astronautics’ 

fourth manned space flight meeting in St. Louis, AAP Director William B. 
Taylor described the focus and importance of the AAP. In contrast to Apollo, 
with its clear objective of landing on the Moon, AAP’s objectives were much 
less obvious. Under AAP, Taylor said, NASA planned to exploit the capabilities 
being developed for Apollo as a technological bridge to more extensive manned 
space flight missions of the 1970s and 1980s. AAP was not an end in itself, but 
rather a beginning to build flight experience, technology, and scientific data. 
Internal studies within NASA had identified the practical limits of the capahtUties 
of Saturn/ Apollo systems for extended space missions without fundamental 
modification of spacecraft and launch vehicles: (1) Earth-orbital missions of up 
to 45 days and at inclirations of 0 to 90 degrees and altitudes of from 185 km up 
to synchronous orbits (orbital resupply could extend the duration of such missions 
to three months or more) ; (2) lunar orbital missions of up to 28 days (including 
lunar polar orbits) at altitudes as low as 45 to 55 km; and (3) lunar surface 
missions of up to 14 days at any point on the lunar surface. Through these space 
activities, stated Taylor, A.\P would lay the foundation for later, major ventures 
in space and thus would contribute significantly to the national goal of pre- 
eminence in space. 


William B. Taylor, Saturn/ ApoVo Applications, papt-r presented at the AI.AA meet- 
ing, St. Louis, 11 October 1965. 


JO MSC and MSEC program officials and engineers held their first coordination 

meeting on the S IVB Orbital \Vorkshop and related Apollo Applications 
Program experiment actiiities. .Among the most significant results of this 
meeting was a request by Houston for inclusion of an artificial gravity experiment 
;vs part of the S- IVB command and service module concept of the Workshop. 
MSEC officials undertook to define the feasibility of such an experiment, 
examining several possible technical approaches (including cables — a concept 
that MSC found less than appealing). MSEC investigators also sought help 
from LaRC, where considerable work along this line had been done as part of 
that Center’s MORL study program. 

Memorandum, J. W. Carter, MSEC, to Dist., “Artificial Gravity Experiment for the 
S- IVB Worbhop,” 29 October 1965. 
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MSC Deputy Director George M. Low advised NASA Hq of Houston’s planning 
schedule for follow-up procurement of Apollo spacecraft for the AAP. Based 
upon the most recent delivery schedules for the last several command and ser\'ice 
modules and lunar excursion modules for Apollo, contract award for those 
vehicles was scheduled for July and August 1966. In accordance with a 14 July 
directive from Headquarters, MSC was preparing a procurement plan for the 
extended CSM and the LEM derivatives covering both the final definition and 
development and operational phases of AAP. Approval of this plan by Head- 
quarters, Low stated, was anticipated for mid-December, while award of 
contracts for the program definition phase was set for late January 1966. The 
contract award date for actual development of the extended CSM was slated for 
October 1966, while that for the LEM derivatives was postponed until mid-1967 
(in line with revised funding directives from Washington). 

TWX, George M. Low to J. H. Disher, NASA Hq, “Follow-on Procurement of 

Apollo Hardware,” 21 October 1965. 


Saturn Apollo Applications officials reached an understanding on several program 
issues during discussion at MSFC: 


• MSFC s responsibility for payload integration included coordination of 
interleaving of CSM and LEM experiment requirements when both modules 
earned experiments on the same mission. (Assignment of missions and experi- 
ments to the respective Centers was to be made by the program office at 
Headquarters.) 

• The astronauts would use tethers during all extravehicular activities 
except where not feasible. 

• MSFC was to proceed with work on a procurement plan and a request 
for proposals for two or three phase C integration contractors, with the idea that 
one of the definition contractors would receive the final phase D development 
contract (though no firm commitment to this course was yet made); also, con- 
^..urrently with the phase C definition effort, MSFC would conduct parallel in- 
house studies to better evaluate the contractors’ phase C work. 

Memorandum, J. H. Disher, NASA Hq, to Files, “AAP Discussions at MSFC on Oc- 
tober 28 29, 1965,” 4 November 1965. 


Saturn/ Apollo Applications Deputy Director John H. Disher summarized for 
the Director of Advanced Manned Missions those tasks of highest priority for 
supporting development during Fiscal Year 1966. l’ho.sc ta.sks, Disher explained, 
had been examined in great detail because of stringent funding constraints for 
Apollo Applications during 1966 and 1967. Therefore, he had listed only those 
tasks mandatory for the program’s “mainstream” requirements. They included 
such areas as low-thrust reaction control engines, structural and hatch seals, 
navigation computer modifications, and study of space rescue systems. 

Letter, John H. Dither to Director, Advanced Manned Missions Program, “Apollo 

Application Program (AAP) Supporting Development,’’ 1 November 1965. 
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N»rl“S' r'T' '»'■ p"- c of .kc AAP f„„, 

am A. Lee, Assistant Manager of the Apollo Spacecraft Program OffirP 
atked eevera. „t hi, ,t,(T „.en„,en, a», i„ Ll„.,b„ ,hc pT;;i 

that the Apdlo had obtained during I cto ^ 
lunar .he spacecraft. The technical proposal bv North * 

.cn^cd those tasks that the company bclic^-cd were required to define the CSM 
configuration and to formulate hardware specifications for the deXment an^ 
operations phase o the program. Paralleling the.se efforts by the contractor MSC 
had established a baseline AAP-CSM configuration and had laid doC ieven^ 

»' NASA Hq 

( b August U65) As-sociate Administrator for Manned Space Flight George E 

field ^ J'-’ ‘'■'*s>gn'iicnt of basic roles and responsibilities to the 

field centers for carrying out the program. Although such respomsibil “s w re 
delineated in the traditional manner, the new program responsMily 7Lperi! 
ent and payload integration was .split between MSFC and MSC. ^ 

r?er.m discussions with Webb, Seamans approved Mueller’s 

recommended assignments of experiment management and payLad inteSon 

ti.rM»i';,“ '"""I ^h'-iiki". "Ai-ii.. Appiic.; 

John H. Disher, Saturn/Apollo Applications Deputy Direetor rcmiested th#. 

fanned Space Flight Management Operations Direi tor to officiallv^ange the 
designation of the Saturn IB/C’en.aiir Office to Saturn Appiic 

Disher said, reflected the change in status of the office and provided for iiecmfrv’ 

the M the Saturn V/Voyager‘ln 

the Omce of ^^anned pace Flight. However, on the same day, Disher'ofdered 

alread d""""^ '^/^eiitaur efforts (except those 

d. ioiiT^ ^"•'•PP-«> requestor r. 

Saturn V/V • of a 

Saturn \ /\ oyager mi.ssion, he said, would be authorized separately.) 

of‘sau.m‘*‘nj)^ 0S.7 I;; Sihirr'AfT ' 7 '" f>P'’rati"ns. “Renaming 

John H. Disher to E, E. O'Connor.'ui Nos.tSr.S.r 
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^965 

November 


Jones asked the executives to weigh the pros and cons of these alternative goals 
and to make a qualitative assessment of the benefits which might accrue to the 
American taxpayer. NASA would include these assessments in congressional hear- 
ings early in 1966. 

On 16 December, MSFC Director Wernher von Braun (though not specifically 
called upon lo do so) responded to Jones’ request for ideas. Of all tlxe alternative 
goals for AAP, von Braun .said, that of exploring world re.sources for man’s bene- 
fit was by far the most important. For its manned space program, he said, NASA 
cannot forever depend upon the thrill of adventure nor upon “sophisticated 
truths” such as the value of spinoff results or the blessings of more scientific knowl- 
edge. To place the idea of space flight firmly in the minds of the taxpaying pub- 
lic, therefore, NASA must produce solid results and material benefits that are 
readily visible and comprehensible. And AAP goal number one neatly combined 
both broad popular appeal and true humanitarian needs. In view of the world’s 
population explosion, with all its attendant resulting effects, von Braun stated, 
America s failure to avail itself of the vitally needed tools for a global resources 
management system would be a tragic mistake. Viewed in this perspective, the 
other alternative goals proposed for AAP thus became elements and .stepping 
stones within this broader long-range objective. 

Memorandum, David M. Jones, NASA Hq, to Apollo Executives, “Apollo Applica- 
tions Goals, ’ 22 November 1965; letter, Wernher von Braun to David M. Jones, 16 

December 1965. 


David M. Jones, Acting Saturn/Apollo .Applications Director, solicited from the 
chief executives of the various companies participating in Apollo their views on 
proposed goals for the Apollo Applications Program. Alteniativc goals postulated 
for AAP were (1) to explore and utilize world resources for the benefit of man- 
kind; (2) to define and develop the operational capabilities for the next genera- 
tion of space vehicles beyond Apollo; (3) to broaden knowledge of near-Earth 
and lunar environments; (4) to enhance the security of the United States through 
space operations; and (5) to develop the capability for manned flights of up to 
one year. 


Associate Administrator for Manned Space Flight George E. Mueller requested 2^ 

of MSG Director Robert R. Gilruth that his Center identify additional Apollo 
subsystems testing and the best method of conducting such tests on the basic sub- 
systems of the spacecraft beyond the 14-day requirements of the Apollo lunar 
mission. Mueller explained that planning for the Apollo Applications Program 
projected that extended missions could be performed using basic Apollo hardware 
and that significant advantages might be reali/xd by testing subsystems to deter- 
mine their duration limits, thereby avoiding the burden of additional test units 
and test facilities. 

Letter, George E. Mueller to Robeit R. Gilruth, “Basie Apollo/Apollo Applications 

Spacecraft Subsystem Tests,” 29 November 1965. 
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1965 In response to a telegram from Deputy Associate Administrator for Manned 

Nc/«mb*r Space Flight James C. Elms regarding procurement plans for the AAP, MSC 

Deputy Director George M. Low described a plan being seriously considered by 
Houston that would permit competitive procurement of follow-on Apollo hard- 
ware. The plan called for awarding the phase C contract to North American to 
define AAP changes to the CSM and letting what Low termed “phase-in” con- 
tracts leading to proposals on how the spacecraft could be manufactured by other 
companies. Upon completion of both the phase C work at North American and 
the phase-in contracts with other firms, MSC would enter into competitive nego- 
tiations with all parties to determine which firm shm-ld build the AAP version of 
the CSM. (According to Low, it was premature to undertake a phase C defini- 
tion effort with Grumman at this time, but he suggested that a competitive effort 
similar to that proposed for the CSM could be implemented somewhat later.) 

Letter, George M. Low to James C. Elms, 29 November 1965. 


During 

the 

Month 




The Boeing Company submitted a utilization study report to MSC for the pro- 
posed multipurpose mission module. The report was one of volumes prepared 
by Boeing’s Aerospace Group-Space Division under an MSC contract. 

Guidelines observed in the .study were: (1) minimum interference with the Apollo 
program; (2) use of either Saturn IB or V launch vehicles; (3) laboratory to be 
sized .so that the one module, two modules, or one module on a LEM descent 
stage could fit into an unmodified LEM adapter; (4) use of a three-man crew; 
(5) capability to dock to either end of the module and to rendezvous modules; 
and (6) mission lengths of 14 to 45 days, with growth capacity for longer 
durations. 

The study was made on the presumption of a laboratory module launched in the 
LEM adapter area which would be aligned with an accc.'^s hatch in the module. 
An expandable airlock could also be incorporated when desired. The external 
envelope would be 465 cm, which would permit three modules to be placed in 
the S-II stage that was 10 m in diameter; the floor to ceiling height would be 
213 cm; the total pressurized volume of the module would be 39 cu m; and total 
floor area 16 sq m. 

The module would be designed for an internal pressure of 48 kilonewtons per 
sq m (7 p.sia) for a 180-day mission. It would weigh 1313 kg, and its suppe^rt rack 
would weigh 413 kg. For lower gross weights expected with Saturn IB launches, 
the support rack weight could be reduced *o 261 kg. 'Fhe multipurpose mission 
module, as proposed, would allow much flexibility in missions, including forma- 
tion of large .space stations, and W{)uld permit use of an as.sorlment of internal 
and external equipment without affecting the integrity of the shell and requiring 
only minor structural additions or changes. 

A feature of the Boeing report was the section de\otcd to volume. It said that 
. . after reserving the requirements for module subsy.stems, experiment report, 
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and 5.6 cu m (200 cu ft) for each astronaut, about 16.9 cu rn (600 cu ft) of pres- 
surized and 62.2 cu m (2200 cu ft) of unpressurized voIuitk’ would he available 
for experiment equipment. . .” The report then listed .some of the advantages 

of providing adequate pre.ssurized volume; 

Volume Equals Economy: Maximum use of standard hardware; no min- 
iaturization required; allows .standard subsystem modules for varying missions; 
protected environment simplified equipment de.sign. 

Volume Equals Manned Participation: Equipment acces.siblc for direct 
manual operation; man’s capability to participate can be evaluated. 

• Volume Equals Efficiency; Minimum interference work-area layouts pos- 
:ibie; experiment setup and tear-down tin.e reduced or eliminated; improved crew 
morale increases efficiency. 

Volume Equals Reliability: In.sidc equipment can be adjusted and main- 
tained by the crew; equipment is protected from temperature cycles and hard 
vacuum of space. 

• Volume Equals Experiment Flexibility: Volume allows modular approach 
to experiment and subsystem design; experiment substitution requires no rear- 
rangement of other equipment; minimized lead time for changes. 

• Volume Equals Increased Experiment Capabilities: Enough room for 
crew movement and locomotion tests; allows volume for centrifuge or double 
trampoline. 

Volume Equals Safety: Eliminates extravehicular activities for normal 
laboratory operation. 

The Boeing Co., Report D2-84010-1, Multipurpose Mission ModuU-Utiliiation 
Study, November 1965, 


1965 

N(iV8mb«r 


George E. Mueller, As.sociate Administrator for Manned Space Flight, and MSFC 
Director Wernher von Braun discussed Marshall s briefing on the S-IVB Work- 
shop concept pre.sented at Headquarters the prexious day. Mueller asked that 
MSFC formulate a program development plan and pre.se. f .t at the next meeting 
of the Manned Space Flight Management Council. Specifically, Mueller de- 
manded that the plan include experiments to be carried aboard the Woi.cshop; 
funding arrangements; and where development w-jrk should be done (in house, 
or elsewhere). In addition, he asked that MSFC submit two such plans, one for 
the unpressurized and another for the prc.ssurizcd version of the WorbLip. In 

effect, Mueller gave Marshall tl.j “green light” to begin the Orbital Workshop 
program. 

At von Braun s request, the Workshop received the status of a separate project, 
with William Ferguson as Project Manager. 

Memorandum, J. T. Shepherd, MSFC to Dist., “S-IVB Workshop.” 1 Dcrember 1965. 

Harold E. Gartrell, Chairman of MSC’s AAP mission planning ta.sk force, distrib- 
uted within the Center extracts from a contractor study report that had been 
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1965 prepared in anticipation of the request for proposals to be issued by MSFC for an 

AAP payload integration contract. Gartrell voiced concern over what he called a 
D.c.n.b*r “fundament*'! question” of MSC’s responsibility for mission definition, the re- 

quirements for spacecraft systems, mission simulations, and technical direction of 
flight operations (a result, he said, of the payload responsibility at MSFC’s not 
being limited to development, test, and checkout of the AAP lunar excursion 
module vehicle). Gartrell stated that MSG was initiating an effort during this 
phase C rf the AAP to define niission-spacecraft-operations requirements, thus 
establishing a foundation for Houston input into the payload integration function 
at MSFC. 

Memorandum, Harold E. Gartrell to Dist., “MSC Mission Definition Programs for the 
Apollo Applications Program,” 2 December 1965. 

Mid-December MSC designers and long-range planners put forth conceptual ideas on the next 
logical steps to be taken in man’s exploration of space. Recognizing the enormous 
potential benefits to be derived from Earth resources and sensing systems— not 
only for the United States, but for the entire world— those planners suggested 
semipermanent manned stations in Earth orbit. The qu-stion of how this might 
be accomplished, they suggested, could be met through suitably modified AAP 
hardware and systems. Such a space station could be used as an observation plat- 
form, with incalculable benefits to be derived; as a scientific laboratory in space; 
and as an engineering laboratory for the development of systems for planetary ex- 
plorations through inclusion of commodious living quarters and workshops. Just 
as significant for the future, the large size of the station and crew complement 
would afford unprecedented opportunities for international cooperation in space 
by inclusion of foreign scientists in the crew. 

MSC, “Some Considerations of the Future of Manned Space Flight," 14 December 
1965. 

j3 At the December Manned Space Flight Management Council meeting, .\ssociate 

Administrator for Manned Space Flight George E. Mueller voiced a desire to 
have McDonnell examine the feasibility of using Gemini subsystems on an airlock 
cxpciiment in conjunction with the .\pollo Applications Program S-IVB Work- 
shop concept. Accordingly, I'. L. Williams of the Advanced Systems Office at 
MSFC solicited the assistance of MSC's Gemini Program Manager, Charles W. 
Mathews (since his office had prt,* urement responsibility for Gemini), in getting 
McDonnell to conduct such an analysis. Williams stated that several designs 
needed investigation and that, of all Gemini hardware, the environmental control 
system and perhaps the fuel cells would be incorporated into the airlock design. 
In order to discuss technical details, he asked whether Mathews might arrange a 
briefing at Huntsville as soon as jjossible, since deadlines for presenting final ex- 
periment plans to Headquarters were most pres-sing. 

Memuramfum, F. L. William.<i to Charlej W. Maihcws, “Deccml)cr 1965 OMSF 
Management Council F.xecutive Session," 23 December 1965. 
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MOL T," •“ •''i' Force on ,be 

Charles V^^ Mathews summarized activity to 
date. He cued rece.pt on 20 November 1965 of authority to transfer sumlus 

SiZrZ a'"V° ''"I' -'<1. MSC had 7: 

dr Wlerplatc test vehicles and c variety of support 

a^ hand hng equipment, MOL program officials and astronauts had also vSd 
Houston for technical discussions and briefings. 

Memorandum^ Mathews, MSC to Director a,.*- o 

N.m Mannt-d Spacecraf, Center, Supp..rt\„^l^ [w "" 

tor>- Program (December 13- 17, 1965).-' 29 Decemlr 1^65. * 

Associate Administrator for Manned Space Flight George E. A^udlcr advised 
?ncN\S Vs^AAP^h^H Saturn/Apollo Applications, that, in prepar- 

f-.rhTr T" emphasis upon AAP’s value in working out operational 

. pan ie.s required for the next major step in manned space flight. The con- 
gressional statement, Mueller said, should emphasize the importance of continuity 
m manned space flight and should c.splain the lead times involved in such efforts^ 
Mueller asked D.her to prepare an analysis of total costs versus year of 00 ^: 

statment' oriented program for inclusion in the budget 

d’^SoaiT-"'* Mission.s Division, Manned Space Science Program, in the Office 

miUeTbv tcan'^^r experiment propo.sals sub- 

nrh 1 1 \ potential experimenters for (he immediate post-Apollo Earth- 

^def T cTr manned space exploration, as part of the AES progrL. As well 
as detailed descriptions of the variou.s scientific experiments themsekes, the repor 
examined the justification (or AES in relation to other space programs mron 
objectives, operational constraints, and long-range plans and goals. 

from Potential Experimenters, Docc.nber 1965 ’ Submission, 
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0«ctmbtr 

29 


29 


During 
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Month 


Homer E. Newell, A.«odale Administrator tor Space Science and Applicatio 
announced opponunities for stud, grams competent astronoment for except, 

Ws'^^r'^'i d ““‘r"!''""' i"""-"'"--”" •» »= down in tho S 

1975 period. A de.scnpt.on of the Apollo tele.scopc mount was included. 

Letter, Homer E. Newell to Dist,, 1 January 1966, 

Clayboumc as Chief of the newly cr 
ated Future Studies Office within the KSC Engineering and Development Dire 
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1966 

January 


torate. Claybourne’s office was assigned responsibility for overall planning and 
coordination oi the Center’s studies in this area, which would parallel conUnumg 
development of Apollo-Saturn and Apollo Applications programs at MS.<C and 
MSC. John G. Shinkie succeeded Claybournc as Deputy Director for Plans, Pro- 
grams, and Resources. 

Spaceport News, Vol. 5, 6 Januar>' 1966, pp. 2-3. 


In a letter to the Associate Administrators for Manned Space Flight, Space Sci- 
ence and Applications, and Advanced Research and Technology, NASA Deputy 
Administrator Robert C. Seamans, Jr., queried them on several alternate ai^ 
proaches for experiment payload planning for AAP. His inquiry was prompted 
by discussions with several individuals from RCA, who suggested a novel approach 
for NASA to interest the scientific community in NASA’s programs through direct 
participation in the development of scientific equipment. A central problem was 
the difficultv inherent in incorporating science payloads into such a complex pro- 
gram as AAP, especially in meeting well defined schedules. Because most teams 
of universitv-based scientists were not sufficiently experienced in fabrication and 
testing to assume this “cradle-to-grave” responsibility for experiment development, 
the RCA spokesmen put forward the concept of mission-optimized space labora- 
tories wherein actual payload integration planning would occur very early m the 
hardware planning stage, before any actual development was undertaken. In this 
manner, logical broad-purpose groupings of laboratory equipment would appear 
Such an approach, they contended, would afford significant payload weight and 
volume reductions and cost benefits. Also, standardization of equipment and 
sensors would simplify greatly the integration task per se. 

Mueller replied to Seamans on 12 April. He compared RCA's suggrated ap- 
proach-broad-purposc laboratories that could be adapted to individual missions 
by addition of special sensors-to NAS.Vs present method of experiment planning 
and development; i.e.. Principal Investigators who were individually responsible 
for all aspects of experiment development, including sensois. The present NASA 
approach, Mueller contended, generated a technical continuity by competent 
scientists and engineers, thus paying off in “good” science returns from flight 
mis.sions. He admitted, however, that the Principal Investigators approach de- 
manded the commitment of scientists to their projects over quite lengthy penods 
of time. The approach therefore tended to limit the number of experiment pro- 
posals received (a trend already encountered in the medical and behavioral fields, 
Mueller noted). In fact, most experiment proposals in these areas came from in- 
house” sources, while only a few were received from the scientific community. 
Further, the Principal Investigators approach tended toward duplication of in- 
flight operations and equipment. Mueller admitted that the RCA full-la oratory 
concept had some merit, especially in producing the maximum number ^ experi- 
ments per mission and in fostering early experiment program planning. However, 
it tended to remove sc.icntisLs and engineers from the mainstream of experiment 
development, which could result in loss of continuity over long developmental 

periods. 
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Mueller put forth a third approach that lay between NASA’s present program 
and the RCA proposal. It was similar to the RCA scheme except that NASA 
could accept exfwinments on an individual basis as presently done. The Principal 
Investigator, while fully responsible for experiment procedure and for data anal- 
ysts and publication, would also .serve as consultant to NASA during development 
of experiment equipment and crew training. But the NASA experiment payload 
integration center would oversee the effort to integrate experiments into the con- 
gured inflight laboratory. Mueller obsersed that NASA was in fact moving 
toward this middle road in the manned space flight program. The medical and 
behavioral experiments were already being planned for configuration into space 
la^ratoriK, he noted. Nor were the three approaches mutually exclusive. 

rough judicious” integration of experiments and mission objectives, Mueller 
prophesied that NASA could evolve from its current approach to the full-labora- 
tory concept in harmony with the agency’s .space flight capabilities. 


Memoranda, Robert C. Seamans, Jr., to Associate Administrators, “Alternative Ap- 

to^ on Apollo Applications Program,” 6 Janualy 

1966, vMth attachment, [RCA,] “An Alternative Approach to Experiment Payload 
Planning on Apollo Applications Program”; George E. Mueller to Deputy Adminis- 
rator Alternative Approaches to Experiment PayU-ad Planning on Apollo Applica- 
tions Program,” 12 April 1966. /sppu«-« 


MSFC issued requests for proposals to the aerospace industr^- for definition studies 
of integrating e.xperiment hardware into AAP space vchiclcs-i.e., payload inte- 
gration in the .Apollo lunar module, the Saturn instrument unit, and the S-IVB 
stage of the Saturn IB and Saturn V launch vehicles. Following evaluation of 
the proposals, MSFC would select two or more firms for negotiation of nine- 
month study contracts to be managed by Huntsville as the Center responsible for 
payload integration of this portion of AAP. (MSC was responsible for payload 
integration of the Apollo CSM.) 


NA'^A News Release 66-14, 
Missions," 14 January 1966. 


“Definition Studies Sought for Apollo Applications 


1966 

Januoiy 


14 


In a note to Apollo Director Samuel C. Phillips, Staff Assistant Leonard Reiffel 
pointed to a number of weaknc.sses in the organizational structure of the Manned 
pace Flight Experiments Board and suggested several ways in which the Board 
might be made less cumbersome and more effective. Reiffel suggested beefing up 
the board’s influence in decisionmaking on experiments; improving the quality of 
briefings and technical support to the board; and improving communications and 
coordination between the board and the NASA program offices, as well as the 
Department of Defense. (See entry 21 March 1966.) 


Memorandum, Leonard Reiffel to Samuel C, Phillips, “CommenU 
Operation ol the MSEEB,” 14 January 1966. 


on Functions and 


The Space Science Board of the National Academy of Sciences is.sued a report 
outlining rc.scari.h objectives in lunar and planetary exploration for the 1970s and 


u 
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1966 

Jonuory 


27 


27 


28 


early 1980s. (The report, first of a series entitled Space Research: Directions for 
the Future, had been prepared by a group of scientists and engineers led by 
Gordon J. F. MacDonald of the University of California, Los Angeles.) The 
report affirmed earlier recommendations by the Space Science Board to NASA 
that unmanned exploration of Mars should iiave first priority in the post-Apollo 
space era. Secondary importance was assigned to detailed investigation of the 
lunar surface and to unmanned Venus probes. Clearly, the report reflected a 
predominant mood within the scientific community that scientific research in 
space take predominance over manned programs whose chief objectives, said 
the report, were “other than scientific.” 

National Academy of Sciences news release, “Space Scientists Recommend Post-Apollo 

Research Goals,” 16 January 1966. 


For planning information and as a challenge to the space agency, Senator Clinton 
P. Anderson, Chairman of the Committee on Aeronautical and Space Sciences, 
outlined his views and those of other members of the Committee regarding 
NASA’s space goals in the post- Apollo period. In a letter to Administrator James 
E. Webb, Anderson conceded the significant national import of space exploration 
2 ind research, particularly as it strengthened the nation’s scientific and technical 
competence and contributed to America’s position of world leadership. Although 
new space projects inevitably hinged on the results of existing programs, he told 
Webb, NASA must be prepared to move on to other programs without inter- 
ruption once the Apollo program was completed. While the exploitation of Apollo 
hardware in AAP had real validity, “NASA should not continue such exploitation 
so long into the future that it prevents the development of new systems.” 

Letter, Clinton P. Anderson to James E. Webb, 27 January 1965. 


Jesse L. Mitchell, Acting Director of Ph>-sics and Astronomy Program., solicited 
proposals from MSFC, MSC, LaRC, and Goddard Space Flight Center regard- 
ing the creation at their Centers of a project office for the Apollo telescope mount. 
(Mitchell’s action followed visits by several staff members from his office to each 
of the candidate locations during which stress was placed on a “sound and effi- 
cient, yet, imaginative project management team ... in view of the short de- 
velopment time available to meet the expected launch opportunities.”) Mitchell 
called for statements that included technical and management plan.s, procurement 
arrangements, schedules, and resource requirements. 

TWX, Jesse L. Mitchell to MSFC, LaRC, Goddard Space Flight Center, and MSG, 

27 January 1966. 


In a letter to MSC Director Robert R. Gilruth, George E. Mueller, Associate 
Administrator for Manned Space Flight, summarized his views of specific AAP 
objectives within the broader context of future manned space flight and national 
space goals. .^AP, Mueller stated, would provide a foundation for the next 
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study were to (1) establish the feasibility of a manned research laboratory; 2 
determine the required level of technical, logistic, and economic sup;jrt; and (3) 
define a realistic space station program responsive to the needs of NASA and other 
government agencies in particular and the scientific community in general. 

The three phases of the study were 

• Phase I (June-September 1963)— System Comparison and Selection 
v.tud>^of>a^O^Ia 1963-November 1964)— Optimization of the 

^^^^PhiTnb^(De«m^^ 1964-February 1966 )-Development of the MORL 
System Utilization Potential. 

The feasibility ef launehing, operating, and maintaining a manned ^ 

ratory was demonstrated in the Phase 1 study, and NASA selected one of the eon- 

cepts investigated for further study. 

During the Phase Ila effort, the MORL concept was optimized to satisfy die re- 
quirements of a single, low-altitude, low-inclination orbital nussion. This part 
of the study resulted in definition of an MORL concept that became the bee- 
line” system for the Phase Ilb study. The major 

included: (1) a 660-cm-diameter laboratory launched by the Saturn IB into a 
370-km orbit inclined at 28.72 degrees to the equator; (2) a Saturn IB-launche 
Apoilo logistics vehicle, consisting of a modified Apollo command 
service pack for rendezvous and reentry propulsion, and a multimission module f 
cargo, experiments, laboratory facility modification, or a spacecraft excursion 
propulsion system; and (3) supporting ground systems. 

The prime objective of the MORL Phase lib study was to examine the utilization 
of the MORL system concept for accomplishing an expanded ^cctrum o space 
:2ted objectives typifying research programs of the 1970s. 

Douglas was as.sociated with several subcontractors whose areas of effort wer 
follots: Eclipse-Pioneer Division of Bendix, stabilization and control; Federal 
Systems Division of IBM, communications, data management, and ground sup- 
porr^iems; Hamilton Standard Division of the United Aircraft Corporation 
S::im„m.n;i comml/hfc support; Stanford Reurarch '“'“•'v 
of space-related objectives; Bissctt-Bei ,nan, oceanography; 
oceanography; Aero Services, cartography and photogrammetry, Marqu , 
propulsion; and TRW, propulsion. 

A thorough review of the MORL system was conducted to idenUfy potentially 
critical research and technology requirements. These requirements were eon- 
tained in the NASA-defined research and technology categories. 

. Research -An activity directed toward an increase in basic scientific or 
engineering knowledge. 
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Advance lechnology Those activities required to advance the state of 1966 

the art m the field of methods and techniques through the application of science 

and engineering. Januaiy 

• Advance Development— The activity of developing subsystems or com- 
ponents recognized to have long development lead times. 

Supporting Development — Those activities leading to the development of 

backup or alternate systems, subsystems, components, and fabrication or testing 
techniques. ° 

The activities were further divided into the following technological categories 
(1) AstronauUcs dealt with the problems of space flight, including aerotheimo- 
dynamics, flight mechanics, vehicle dynamics, and navigation, as well as design 
cntena of a general nature. (2) Biotechnology considered the relationship of man 
to the vehicle, the environment, and the mission, including the environmental 
control and life support subsystem, crew environment criteria, crew systems, and 
crew training. (3) Flight Technology included communications, telemetry, and 
data processing subsystems. (4) Control Systems consisted of the technologies 
associated with direction and orientation of the laboratory such as guidance, 
stabilization and control, and reaction control. (5) Structures dealt with items 
pertaining to the mechanical design of the spacecraft, including materials tech- 
nology, mechanical systems, and manufacturing and assembly techniques. (6) 

Power included the production, conditioning, and distribution of electrical power. 

The summary listed a number of tasks that had been identified within the afore- 
mentioned lO^categorics, including some considered as applicable for the Apollo 
Applications Trogram. (For a list of these tasks, see Appendix 7.) Analysis of 
development problems in the program suggested that the critical functional sub- 
systems were stabilization and control, environmental control and life support 
and electric power. ’ 

Douglas Aircraft Co., Summary Report SM-48822, Report on the Development of 
The Manned Orbital Research Laboratory (MORL) System Utilization PotentiaL 
January 1966. 

MSFC .submitted its response to the call from Headquarter for project manage- F.bn.o,y 

ment proposals for the Apollo telescope mount (ATM). The plan summarized 
Marshall’s developmental work on ATM-type systems so far and contained spe- " 

cific technical and managerial concepts for implementing the ATM project. Of 
all its inherent .strengths and capabilities, the Center emphasized the talents con- 
centrated in the Research Projects Laboratory under Ernst Stuhlingcr, the scien- 
tific arm of the Center. 

MSFC, “Apollo Telescope Mount Project Proposal,” 11 February 1966. 

Edgar M. Cortright, Deputy Associate Administrator for Space Science and Ap- ir 

plications, testifying before the House Committee on Science and Astionautics* 

Subcommittee on Space Science and Applications, stressed selectivity in plan nin g 
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arnm- “Wc have been looking at Apollo applications for 
the space science program. Vntifir activity where the man can be a real 
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66 


PART II : APOLLO APPLICATIONS PROGRAM 


Raffensperger to MSFC and MSC, “Saturn S-IVB Workshop Experiment,” 1966 

25 February 1966. 

February 

In an informal note on AAP planning to James C. Elms, Deputy Associate Ad- 
ministrator for Manned Space Flight, AAP Deputy Director John H. Disher sug- 
gested a number of operational objectives that lie believed should be essential 
elements within the program : manned operations in synchronous and high- 
inclination Earth orbit; manned orbital assembly and resupply; crew transfer in 
orbit; extended Earth-orbit mission duration capability; extended lunar explora- 
tion; and conduct of a broad range of operational, scientific, and technological 
experiments in space. 

Memorandum, John H. Disher to James C. Elms, 1 March 1966. 

Associate Administrator for Manned Space Flight George E. Mueller acknowl- 3 

edged receipt from Joseph F. Shea, the Apollo Spacecraft Program Manager at 

MSC, of a detailed technical description of MSC’s plans and development prog- 

re^ toward developing a landing rocket system for Apollo, (MSC had undertaken 

this effort some months earlier at Mueller’s specific request.) Mueller advised 

Shea that he had asked AAP Deputy Director John H. Disher to work closely 

with Shea’s people to devise a land landing system for AAP built on Houston’s 

effort for Apollo. 

Letters, George E. Mueller to Joseph F. Shea, 3 March 1966; Joseph F. Shea to 
George E. Mueller, [late January or early February 1966]. 

A team of engineers from Douglas Aircraft Company, headed by Jack Bromberg, ^ 

presented a technical briefing and cost proposal to Associate Administrator for 
Manned Space Flight George E. Mueller on the company’s design on the airlock 
for the AAP. Mueller observed that Douglas* i^lea for a 30-day capability seemed 
technically sound. He expressed strong interest in the AAP spent-stage experiment 
because it would establish a solid basis for space station requirements and defini- 
tion. However, he cautioned that he had not received definite approval from 
either the Administrator, James E. Webb, or his deputy, Robert C. Seamans, Jr., 
on the spent-stage concept and admitted that he had ‘‘some selling to do.” 

Memorandum for record, H. E. Pitcher, Douglas, “Airlock Presentation to Geo, 

Mueller,” 11 March 1966. 

MSC plannere drew up and submitted to NASA Hq the Center’s procurement 
plan for an S-IVB Workshop experiment support module. The components of 
such an experiment comprised an Apollo CSM, an S-IVB stage, and a support 
module interconnect, which MSC proposed to award to McDonnell for develop- 
ment. MSC Director Robert R. Gilruth urged speedy action on the proposal and 
by the contractor because of the necessity for early definition of hardware inter- 
faces, as well as impending phaseout of the Gemini and subcontractor efforts. 
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Letter, Robert R. Gilruth to S. A. Cariski, ‘‘Procurement Plan, S-IVB Workshop 
Experiment Support Module,” 11 March 1066. 


At Headquarters, the directors of the program offices presented to Deputy Ad- 
ministrator Robert C. Seamans, Jr., and members of the Administrator’s top staff 
a joint briefing and summary of NASA’s total agencywide AAP effort. In re- 
viewing their presentation, Seamans emphasized three cardinal tenets regarding 
AAP planning: 

(1) The Apollo lunar landing remained the top priority and must not be 
compromised by any AAP activity. 

(2) All changes to any Apollo hardware for AAP missions had to be ap- 
proved personally by either the Administrator or Seamans. Consequently, all 
mission planning had to be precise and definite and would be referred to Webb 
or Seamans for action or approval. All procurement actions would be handled 
in the same fashion. 

(3) The directors were to devise “a clear and defensible rationale” for AAP 
missions. 

Seamans reported to Administrator James E. Webb the basic findings of the 1 1 
March review : 

• Largely because of limited resources, the pacing item in AAP was selec- 
tion and development of experiments and packages to meet the earliest possible 
flight dates. (Although many possible experiments were being studied, only two 
minor AAP experiments so far had actually been committed to development. 
Also, some alternatives, such as use of Gemini and Apollo experiments and in- 
house development of experiment packages, had been examined with an eye 
toward early experiment availability.) 

• Thrc 3 leading candidates existed for alternate AAP missions: (1) an exten- 
sive lunar mapping program (beyond the needs of Apollo) ; (2) adaptation of lunar 
mapping equipment for Earth survey (though “serious interagency problems” had 
to be resolved before such a mission could be planned in detail); and (3) the 
ATM which, because of its scientific value and compatibility with the basic Apollo 
system, had received top priority for definition and development by the Office of 
Space Science and Applications (however, serious fiscal problems remained in 
light of the ATM’s estimated total cost of about $69 million). 

Memorandum, Robert C. Seamans, Jr., to Dist., “Apollo Applications Program,” 30 
March 1966. 


MSG submitted to NASA Hq for approval the procurement plai* for a multi- 
mission fuel cell assembly for the Apollo spacecraft. Such an advar.red electrical 
power plant was necessary, explained Center Director Robert R. Gilruth, in order 
to support long-duration missions. The Center proposed to negotiate with three 
knoWi. fuel cell contractors, General Electric Company, Pratt and Whitney 
Division of United Aircraft Corporation, and Allis-Chalmers Manufacturing 
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Coi^any for the effort. Four days later, Gilruth wrote Associate Administrator 
for Manned Space Flight George E. Mueller setting forth in detail MSC’s plans 
or uu ce development and production, including the reeem decision to furnish 
the luel cells to AAP contractors as government furnished equipment. 

Letters, Robert R. Gilruth lu S. A. Cariski. NASA Hq, “Procurement Plan NASA 
Multimission Fuel Cell Assembly (FCA),“ 12 March 1966; Robert R Gilruth to 
GeorgeE. Mueller, 16 March 1966. uiirutn to 


1966 

March 


Saturn/ Apollo Applications Deputy Director John H. Disher requested that his 
staff study payload capabilities of the Saturn IB to place AAP spacecraft and 
modules into low-altitude orbits of various inclinations. This part of the AAP 
definition effort, Disher said, would be used for evaluating the operational trade- 
offs m the general goal of achieving a high-indination orbit operational capabfiity 


Letter, John H. Disher to G. M. Anderson, NASA Hq, 
formance Studies for SAA,” 14 March 1966. 


“High-Inclination Orbit Per- 


14 


Homer E. Newell A^c.ate Administrator for Space Science and Applications 
asked for approval of the ATM project from Deputy Administrator Robert C 
eamans, Jr* The ATM, Newell explained, was based on an engineering and 
definition study effort completed I April by Ball Brothers Research Corporation 
« well as evduation of the concept by four NASA Field Centers— LaRC, God- 
dard Space Flight Center (GSFC), MSFC, and MSC. 


17 


Brothers Research Corporation study had been let in September 196! 
smd Newell, to determine means of providing an accurate pointing capability fc 
high-resolution solar-oriented telescopes aboard an Apollo spacecraft. Furthc 
impetus to ATM had come from the agency’s cancellation of the Advance 
Orbiting Solar Observatory at the end of 1965. The ATM, he said, provided th 
means to obtain high-resolution data about the Sun during periods of maximun 
so ar activity and served as a basis for evaluating ability to operate as an essentia 
element within a complete manned space science system, 

The need for quick project approval and hardware development had been rccog 

Centl Space FligB 

enter, MSFC, and MSC had all expressed “deep interest and desire” to man- 
age the project. However, after review within his c.'hce, he had decided to scleo 
Goudard as the most .suitable location for development of the ATM. Accordingly 
he asked Seamans to approve the project development plan. 

•” “Establishment of the Apollo Tele- 


Gemini Program Manager Charles W. Mathews urged upon Edward Z. Grat 
Director of Advanced Manned Missions, the necessity of proceeding immcdiatcl 
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with certain phases of the S-IVB spent-stage experiment effort, particularly the 
McDonnell procurement for the spent-stage experiment support module and the 
North American study of modifications to the CSM. The situation at McDonnell 
was especially acute, said Mathews, because of impending phaseout of the 
Gemini program; also, certain information on the CSM was needed to define the 
efforts of both contractors on interfacing and spacecraft modifications. In view 
of these factors, Mathews asked Gray for approval to proceed with the definition 
and study efforts. 


Memoiandum, Charles W. Mathews to Edward Z. Gray, “Need for decision to proceed 
on S-IVB Spent-Stage Experiment,” 18 March 1966. 



1 hr figures above present two comparisons of the total amount of space available 
for crewmen to work in the Apollo/ SLA Workshop (to the left in each illustra- 
tion) and the Air Force Manned Orbiting Laboratory. The MOL space could 
be expanded downward, using more of the empty propellant tank space in the 
launch vehicle. 


21 


A report by the Military Operations Subcommittee of the Hoo c Committee on 
Government Operations recommended combining NASA’s olio Applications 
Program with the Air Force’s Manned Orbiting Lalwatory. “Inasmuch as both 
programs are still research and development projects without definitive opera- 
tional missions,” stated the Committee’s report, “there is reason to expect that 
with earnest efforts both agencies could get together on a joint program incorpo- 
rating both unique and similar experiments of each agency.” 


US. Congrm. House, MifsiU and Spar^ Ground Support Operations: Twenty-third 
Report by the Committee on Government Operations^ 89th Cong., 2d »ess., 21 March 
1966, H. Kept. 1340, p. 46 
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By an ?gr cinent NASA and DOD created the Manned Space Flight Experi- 1966 

ments Board as a means of coordinating experiment piogranis on NASA and 
DOD space flights. The MSFEB, headed by the NASA Associate Administrator 
for Manned Space flight, iiad rcsptjnsibility fur lecominending approval or dis- 
approval of candidate experiments; assigning experiments to specific flight pro- 
grams; recommending relative priorities to experiments to be implemented; and 
reviewing the status of approved experiments. 

NASA Management Instruction NMI I154.4A, ‘‘Manned Space Flight Experime * 

Board,” 21 Maich 1966. 

NASA released the first AAP schedule. It envisioned 26 Saturn IS and 19 Saturn V 23 

AAP launches. Among these would be three “S— IVB/Spent-f tage Experiment 
Support Modules” (i.e., “wet” Workshops), three Saturn V-boosted orbital 
laboratories, and four Apollo telescope mounts. The initial AAP launch was 
slated for April 1968. The schedule was predicated upon noninterference v/ith 
the basic Apollo lunar landing program, minimum modificaiions to basic Apollo 
hardware, and compatibility with existing Apollo launch vehicles, 

Apollo Applications Program Schedule ML-4, NASA Hq, 23 March 19C6. 

MSFC Director Wernher von Braun appointed Leland F. Belew as Manager of 24 

the MSFC Saturn/Apollo Applications Program Office and Stanley M. Reinartz 
as Deputy Manager. Establishment of the Satum/AAP Office at MSFC was 
officially approved by the NASA Administrator on 27 June. 

Letter, G. E. Mueller, NASA Hq, to Wernher von draun, 1 July 1966, 

In a lengthy letter to Associate Administrator for Manned Space Flight Georg! E. 25 

Mueller, MSC Direc tor Robert R. Gilruth expressed misgivings concerning certain 
aspects of AAP planning. Gilruth questioned whethei the existing AAl* repre- 
sented the best approach to the future of manned space flight. Regarding AAP 
per se, he noted the desirability of continued use of \pollo hardware and facilities. 

Gilruth’s areas of concern were the lack of a definite goal for the future of manned 
space flight; programming around a launch r..:c exceeding that for Apollo; and 
the use of Apollo hardware foi purposes significantly diflcrent from the originally 
intended use, thus forcing unsound engineering changes. .\lso, the MSC Director 
expressed his concern over the many changes m AAP plans (caused largely by 
the steadily contracting AAP budget), which, he said, “have caused diversion 
of management attention and effort . . . fn)m the mainline programs.” Gilruth 
then mapped out what he believed presented a more realistic AAP structure and 
direction, emphe, izing foremost the use of Apollo hardware with only minimal 
modifications (especially for the two Apollo spacecraft), and called for early 
definition of the next manned space flight program. Finally, he pointed again to 
what he believed was a misinatch between present A.\P planning, the various 
opportunities for manned space flight, and rese .rces available for the program. 
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As prcscnth' structured, Gilruth slated, AAP would nicrcly maintain the rate of 
production and flights of Apollo. "‘Merely doing this,’ he concluded, without 
planning for a new major program, and without significant research and develop- 
ment as part of AAP, will not maintain the momentum we have achieved in the 
manned spaceflight program.” (See 15 April 1966.) 

Letter, Robert R. Gilruth to George E. Mueller, 25 March 1966. 

-\cting upon authority granted by Headquarters and approval of MSC’s state- 
ment of work, Kenneth S. Kleinknecht, MSC Gemini Program Deputy Manager, 
informed officials in Washington and Huntss illc that Houston had presented re- 
quests for proposals to Dou-^las, Grumman, and McDonnell to undertake defini- 
tion studies on the Saturn S-IVB spent-stage experiment support module 
(SSESM). Stud) contracts were issued 18 April. The contractors were ordered 
to submit dcfiniti' c statements of work within 60 days proposing a fixed price for 
one module (with an option for three additional modules). Under these initial 
study contracts, spacecraft hardware already flight-qualified would be used wher- 
ever practicable. 


Letter, R. R. Gilruth, MSC, to G. E. Mueller, NASA Ht “Saturn IVB spent stage 
experiment support module,” 1 April 1966. 


In response to a request from Deputy Administrator Robert C. Seamans, Jr., 
Saturn/ Apollo Applications Deputy Director John H. Disher asked Jerry McCall, 
MSFC Deputy Director for Rc.scarch and Development Operations, to prepare 
co.st and schedule cstinuitcs for MSFC to integrate the AT^1 with the LEM. This 
request stemmed from a desire bv the Office of Space Science and Applications 
(OSSA) to acquire ATM experiment data during upcoming periods of maximum 
solar activity. Disher listed guidelines for the MSFC estimates: 

• OSSA-desired flight dates were .\pnl 1968, February 1969, and February 
1970. 

• Goddard Space Flight Center would be responsihk for development of 
experiments aboard the ATM, as w'cfl as for the mounting structure and thermal 
provisions. 

• MSFC would be responsible for dc\ elopment of modification kits to con- 
vert an .\pollo lunar-landing-configurcd LEM to an .\AP laboratory configuration 
(including provisions for reuse after three to six months storage in orbit); for 
development of interface modification kits needed to integrate the ATM and its 
cxpcriirxnts witli the A.\P LEM laboratory; and for insfallation of the modifica- 
tion kits and the .\TM system in the I.F.M at KSC prior to chci koul and launch. 

In addition, Dislicr told McCiall that MSFC should examine two approaches to 
\TM LEM integration; (1) gimbal mounted and (2) hard mounted with pro- 
visions for momentum transfer for fine pointing control. 

LrUcr, John H. Disher to jerry MeCall, 9 April 1266. 
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MSC awarded a cost-plus-fixcd-fcc contract to the AHis-Chalmcrs Manufacturing 1966 

Company to develop and test several fuel cell systems for possible use on AAP ^ 

spacecraft. Allis-Chalmers completed the project at the end of Septem.ber 1966, 
but MSC' issued a request for proposal fo continuing the research effort to adapt ’3 

the fuel cell to changing AAP requirenicnts. 

Memnranduin, D, W. Lanij, MSC. tc» \V, L. Hjornevik, MSC, 6 December 1966. 

At a news conference in Colorado, NASA Administrator James E. Webb stated 
that the AAP would be hampered by a lack of payloads unless Congress granted 
additional funds in the Fiscal Year 196B budget. Efforts to obtain appropriations 
for post- Apollo project‘d were hindered by rising costs of the Vietnamese conflict 
and congressional discontent with NASA's incrcjLsing administrative costs. Asked 
about the House Government Operations Committee’s suggestion that NASA 
abandon A.\P and participate in the Air Force’s Manned Orbiting I.aboratory 
program, Webb denied that “complete common use” of facilities was possible. 

He noted that many countries in which the United States had tracking facilities 
would not cooperate if those installations were used for military projects. 

Dtnuer Post, 15 .April 1966. 

MSC Director Robert R, Gilruth summarized Hou.ston's position expressed during 
discussions with .Associate .Administrator for Manned Space Flight George E. 

Mueller two days earlier. Culruth cited NAS.A's need for a manned space flight 
goal other than “using .Apollo hardware” (and sugge.sted a Mars flyby or landing 
mission as an in-hou.sc focus for planning.) Also, he repeated his concern over the 
imbalance between AAP goals and resources, as well as the extent of engineering 
redesign and hardware modi^' Tilion that had been forced upon the project. 

Though expressing his and ' s desire to contribute to and be a part of AAP, 

Gilruth voiced concern that the future of manned space flight ... is in jeop- 
ardy hccau.se we do not have firm goals, and because the prc.sent approach 
appears to us to be technically un.sound.” 

Letter, Robert R. Gilruth to George E. Mueller, 15 April 1966. 

As.sociate Administrator for Manned Space Flight George E. Mue* inforivied 
Deputy Administrator Robert C. Seamans, Jr., of the Saturn /.Apollo Applications 
Program Office's ''valuation of a Lockheed proposal to launch space probes from 
orbit using Agena rockets launclied from .AAP .stations in space. The proposal 
was feasible, Mueller advised, but did not seem a desirable mission for inclusion 
in the .AAP. Lockheed's proposal estimated a UU)0-kg payload to Mars, a per- 
formance capability not sufficient to justify the proposal solely on a mission basis. 

(In contra.st, the Satura IB Oentaur ofTered a 4500-kg capability.) The other 
a.spec.t of Lockheed’s proposal concenu'd the development of tcchniquc.s for 
launching vehicles from orbit. In this area, the chief contributions anticipated 
from .AAP were assembly of large \ chi( !cs in orbit, fuel transfer, and preparation 
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for orbital launch. Final checkout, which Lockheed proposed should be done by 
the astronauts, Mueller said could be accomplished more efTcctively by ground 
engineering groups through telemetry displays. Therefore, he recommended to 
Seamans that the proposal not be considered for inclusion in Saturn/ AAP. 

Letter, George E. Mueller to Deputy Administrator, “Lockheed *»roposal to Launch 

Space Probes Ufing Agenas Flown from AAP Vehicle 15 April 1966. 

MSC Director Robert R. Gilruth designated Deputy Director George M. Low as 
the principal focus and point of contact for all matters pertaining to AAP. This 
action, Gilruth told George E. Mueller, N.VSA Hq, was only a sliort-range 
measure. He stated that he planned to create an .A.‘\P office as soon as practical, 
but that such action would take a number of weeks because it would involve a 
number of people throughout the Houston organization. 

Letter, Robert R. Gilruth to George E. Mueller, 21 April 1966. 


NASA Deputy Director Robert C. Seamans, Jr., told Associate Administrator for 
Space Science and Applications Homer E. Newell that he had no choice but to 
delay initiation of development competition on the ATM until the AAP funding 
picture for the next two fiscal years became clearer. Because he had been unable 
to identify any source for the funds that would be required for the project during 
Fiscal Year 1967, Seamans said, “I am extremely reluctant to start a compeUtion 
in industry at a time when we cannot see our way clear to proceeding in a timely 
fashion.” 

On the other hand, he said he recognized Newell’s deep interest in the /.TU 
project and its scientific value and he was ready to proceed with advanced study 
work. Accordingly, he said he had signed the sole source award to Ball Brothers 
Research Corporation to study adapting the ATM for automatic observations in 
orbit beyond the basic 14-day manned mission and to study adapting the ATM 
to the Apollo lunar module (LM) for extended manned operations. Sedans 
expressed his own conviction that, to meet the objectives of the AAP mission at 
the earliest possible time, it would be best to mount the AIM directly on the 
Apollo command and sen- ice modules. If the present fiscal problem precluded 
such an arrangement, he told Newell, the agency would then be in a better 
position at a later date to decide whether the ATM should be included as part 
of the LM or whether some alternate approach should be used. 

Memorandum, Robert C. Seamans, Jr., to Homer E. Newell, “ATM,“ 22 April 1966. 

MSC Deputy Director George M. Low proposed that Gemini Program Deputy 
Manager Kenneth S. Klcinknccht head the Source Evaluation Board, comprising 
members from Headquarters, MSFC, and MSC, for the Saturn S -IVB spent- 
stage experiment support module. Pending formal approval. Low said, MSC 
planned to go ahead with sundry preevaluation aclivitics so as not to mpede 
formal contractual efforts. 
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TWX, George M. Low to E. Z. Gray, NASA Hq, 22 April 1966. 


MSC Assistant Director for Flight Crew Operations Donald K. Slayton and 
several astronauts (notably Jo.scph P. Kcrwiii) voiced concern regarding the 
purposes and proposed work statement for the S- IVB spent -stage experiment 
support module. As well ;is |X)inling out t!u* general lack of experiment planning 
and hardware, Slayton and Kerwin noted a number of operational and safety 
concerns surru . iding purging the stage's hydrogen tank to create a aabitablc 
structure in space. 


Memorandum, Donald K. Slayton to Office of Pnjgraiii Control, Attn: L. A. Stewart, 
“S-IVB experiment module wi^rk statement,'* 6 May 1966, with enclosure, incmo^ 
randum, Joseph P. Kerwin to Assistant Director for Flight Ocw Operations, “Com- 
ments on Saturn IVB Spent-Stage Statement of Work,” 6 May 1966. 


Replying to a suggestion by MSC’, Director Robert R. Gilruth that AAP capitalize 
on Apollo hardware to an even greater exteitt by using refurbished CSMs, Asso- 
ciate Administrator for Planned Space 1' light George li. Mueller deferred any 
action toward implementing a competitive elTort for such work. This was neces- 
sary, he said, because of the present unsettled nature of AAP planning. Because 
of revisions in AAP mi.ssion planning as a result of joint Center-Headquarters 
discussions m mid-April, however, Mueller told Gilruth that he was ordering 
MSFC to undertake a parallel studv to evaluate a refurbished GSM vereus a 
LEM laboratory for the AAP experiments program. Results of both studies 
would help program planners determine whether and in what configuration a 
refurbished CSM might best fit into A.VP mission planning. That same day, 
Saturn/Apollo Applications Deputy Director John H. Disher wrote to Leland 
F. Bclew, Saturn/AAP Manager at MSl'G, asking that he order the AAP pay- 
load integration contractors to evaluate the refurbislicd command module concept 
compared with tlie LEM lab and the S IVB support module. 

Letters, George E. Mueller to Robert R. Gilruth, II M.iy 19(i6; John H. Disher to 

Leland F. Belcw, 1 1 May 1 966. 

H. Julian Allen, Director of Ames Research Center, requested from MSC Direc- 
tor Robert R. Gilruth technical dcsisrii information and details of AAP study con- 
tracts. Allen requested this inform.-' tion so that, in line with a dircaivc several 
months earlier to investigate the feasibility of including hioscicncc experiments on 
Larth-orbital mi.s.sion.s, Ames could establish conceptuai appro, aches and de- 
fine feasible methods for satisfying experiment hardware requirements. Charles 
Wilson, Biosatcllitc Manager at .\mes, was heading up the experiment definition 
task, said Allen. 

Letter, H. Julian .Mien to Robert R. Gilruth, 18 May 1966. 


Associate .Administrator for Manned Space Flight George E. Mueller held a 
major tcchn.cal planning .sc.s.sion on the AAP with principal Headquarters AAP 
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oiTicials and representatives of the three manned spacecraft Centers. The more 
fundamental programmatic and design decisions included the concept of a de- 
pendent" spent-stage experiment support module (SSESM) tuid S- IVB Workshop 
(i.c., fuel cells in the CSM would support the entire vehicle); a process by which 
expendables in the SSESM would be fed to the CSM via external umbihcals; 
and development of extended-duration fuel cell as.semblies for long-duration syn- 
chronous and lunar orbit AAP missions. Also, Mueller reaflirmed an early 1968 
schedule for availability of the 6rst SSESM; that the first flight article would be 
a simple .structure with no 'follow-on got>dics” (such ;ls dual docking capabilities); 
an unmanned SSESM launch; C'.SM SSESM orbital stay times of 14 days, with 
the capability to extend the flights to 28-day mis.sions; and that the current 
SSESM definition studies at MSC must produce design .specifications adequate 
for a fixed-price phase II contract to build the first fliglu article. 

Memorandum for record, W. B. Taylor, ‘‘SAA Review with Dr. Mueller. May 18, 

1966,” 20 May 1966. 


Associate Administrator for Manned Space Flight George E. Mueller officially 
named Kenneth S. Kleinknecht, Gemini Program Deputy Manager at MSC, to 
head the Source Evaluation Board (SEB) for the S IVB spent-stage experiment 
support module (SSESM). Mueller personally charged Kleinknecht with under- 
taking this task, since the SEB had been created Ix-fore formal approval of either 
the project or the procurement plans. Under these circumstances, Muellci 
cautioned Kleinknecht and the Board to avoid any commitment that NASA 
would pursue the phase If part of tne effort or even that one of the phase I 
contractors would be selected if ami when the project were approved. Also, 
Mueller reminded him of the cnnipcessed schedule requirements and limited 
resources immediately available for the SSESM project. Thus, said Mueller, 
emphasis should be placed upon costing and firm schedule commitment,', on the 
part of the contractor. The SSESM technical c oncept and design must be 
adequate ^o meet mission requirements, but no cost or schedule penalties should 
be accepted for “unnecessary design refinements. ’ 


L,'ttcr. O -orsc E. Muollr. to Kenneth S. Kleinknecht, 20 May 1966, with rtu losure, 
letter, Geors'e E. Mueller to Direetoi, MSC, ''Source Ev.tluation fot .in S IVB Spent 
Staite Experiment Support Module (SSESM)," 20 May 196b. 


Representatives of the Air Force and NASA met at Brooks AFB, Texas, to cx- 
chpnge. information on medical experiments planned for the .\ir Force’s MOL 
project iind NAS.Vs AAP. Stanley White, who headed the US.\F group cf aero- 
space medical experts, expres.sed strong interest in exploiting NASA's AAP project 
to .study the efTects of long-duration space flight on htmian life proa-s.ses. White 
stated the Air Force's desire that MOL thus he relieved of this experiment burden 
so program planners lould direct the program more closidy toward evaluating 
man’s utility for military space operations. The meeting furnished the basis for 
cKscr tics between the two organizations on their biomedical activities, observed 
NAS.'Vs Acting Director of Space Medicine, Jack Bollerud. 
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Letter. Jack Bc.llerud to Dist , “USAF (MOL)/NASA Biomedical Experiment Dis- lo-o 

cussion,” 1 August 1966, with enclosure, i.iemorandum for record, “USAF (MOL)/ 

NASA Biomedical Experiment Discussions, 20 -21 May 1966,” 16 June 1966. May 

L. W. Vogel, Executive Secretary to the .Administrator, notified Associate Admin- 

istrator for Manned Space Flight George E. Mueller that Administrator James 

E. Webb and Deputy Administrator Robert C. Seamans, Jr., had selected Martin ’ 

and Jx)ckhecd to perform the final definition studies (phase C) for the payload 

integration aspect of the Apollo .Applications Program. (These selections were 

based upon presentation by the Source Evaluation Board and comments of senior 

project officials invoUed.) The fixed-price contracts, expected to be worth about 

$1.2 million, each, were to run for one year. 

Letter, L. W. Vogel to Associate Administrator for Manned Space Flight, “Selection of 
Contractors to Accomplish Apollo .Applications Program Payload Integration Defini- 
tion/’ 1 June 1966. 


The newly created Source Evaluation Board for the SSESM held its firet meeting, w..k Endi 
and members made tours of the three study contractors’ plan's. All three study * 

contractors had completed preliminary design work and were currently examining 
design details critical to weight and co.sts. Program officials already had impressed 
upon the three firms the crucial importance of low cost. Further, they had been 
told to concentrate on the SSESM configuration and were requested to study use 
of cryogenics in the SSESM for reactivation of the SSESM/S-IVB Workshop 
during subsequent flights. 


Memorandii.n, John H. Dishcr, NASA Hq, to Associate Administrator for Manned 
Space Flight, “SAA Weekly Status Report for Week Ending. Noon. June 2 1966** 
7 June 1966. * * 


George M. Low advised Headquarter that MSG was reducing its funding request 
for Fiscal Year 196V in support of research on a land-landing capability for the 
AAP. Specifically, this program reduction in\oivcd halting all work dealing with 
braking rockets and attenuation systems and concentrating all effort on prototype 
development of se\cral types of lifting parachute and parawing designs. These 
program changes were mandatory. Low stated, because of limited AAP develop- 
ment funds and because a land-landing capability was still not a firm objective 
(even though MSC had previously presented such a program leading to a land- 
landing capability for AAP by the end of 1969). 

Letter, George M. Low, MSC, to NASA Hq. Attn: John H. Disher, “Revision of 

1966 -67 funding rcqmst for AAP landing program,” 9 June 1966. 

George M. Low, in a letter to Associate .\dministrator for Manned Space Flight 
George E. Mueller, proposed a general test plan for evaluation of Apollo vehicles 
.ind subsystems to cover the requirements of A.AP. Subsequently, the Engineer- 
ing and Development Dircctor.ite at Hou.,ton drew up specific test plans covering 
individual items in ttie general |<Ian. Or, 18 July, Low .submitted to AAP Deputy 
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out the high-resoiuiion studies so urgently needed. Newell pleaded for project 
approval and assignment of necessary funds to his office so that the ATM could 
be completed in time for a planned launch in 1969, the next period of maximum 
solar activity. 

Letter, Homer E. Newell to Deputy Administrator, “Apollo Telescope Mount (ATM),** 
aO June 1966. 

In preparation for upcoming evaluation of spent-stage experiment support module 
proposals, Kenneth S. Kleinknecht, Chainnan of t! j SEB, established Technical 
and Business Management Committees to conduct actual evaluations. Klein- 
knecht expected that evaluation of the proposals due 17 June would begin as 
soon as they were received from the initial study contractors, Douglas, McDonnell, 
and Grumman. 

Letter, Kenneth S. Kleinknecht, MSG, to Dist., “Appointment of Source Evaluation 
Committees for Saturn IVB Spent-Stage Experiment Support Module Part II Pro- 
posals,** 10 June 1966. 

Reflecting MSC’s concern over several crew-safety factors regarding the suit- 
ability of the S-IVB hydrogen tank as a habitable structure to sup]X)rt the 
SSESM program, Gemini Program Manager Charles W. Mathews requested 
that officials at MSEC determine the compatibility of pressurization oxygen with 
possible out-gassing hydrogen and the possible effects on electrical cabling. 

Mathews desired such information as soon as possible, since results of this investi- 
gation would affect contractor efforts on the SSESM project. (See entry', 6 May 
1966.) 

TWX, Charles W. 'fathews to MSFC, Attn: W. A. Ferguson, 16 June 1966. 

E. E. Christensen, Mission Operations Director in NASA Hq, recommended to 
Associate Administrator for Manned Space Flight George E. Mueller that the 
Office of Manned Space Flight change its flight crew organizational setup from 
a decentralized, program-oriented type to a consolidated responsibility in one 
office (within mission operations). Previously, when emphasis was on hardware 
design and development, Christensen said, such a fragmentation of responsibility 
had helped preserve the integrity of a given program. Centralized authority now 
seemed more appropriate, with major hardware systems largely defined and 
OMSF rapidly changing to an operations-oriented phase. Mueller approved 
Christensen’s suggestion on 2 July. 

Memorandum, E. E. Christensen to George E. Mueller, “Proposal to Consolidate 
OMSF Flight Crew Operations Functions in Mission Operations (MO),’’ 20 June 1966. 

Gerald M. Truszynski, Deputy Associate Administrator for Tracking and Data ** 

Acquisition, advised Mission Operations Director E. E Christensen that a central 
problem foreseen for upcoming multiple-launch AAP missions was the limited 
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capability of the Manned Space flight Network (MSFN) unified S-band stations j 

simultaneously to support two separate spacecraft. Unlike the facilities that had f 

permitted support of the dual Gemini-Titan VI and VII missions, the Apollo ; 
network had only one antenna at each station. Performance limitations of the 
system might prove unacceptable, Truszynski said, particularly when consideri.ng ' 
abort possibilities and other contingencies. He suggested two possible solutions: 

(1) support one of the spacecraft via the S-band system and the second by C-band 
radar, VHP telemetry, UHF command, and VHF voice when necessary (al- 
though this approach would require modifications to the block II GSM; (2) add 
a second 9-m antenna system at each MSFN station to provide full S-band to 
both spacecraft at the same time. (This latter approach, he noted, might cost 
some $2 million per .station and take about two years to complete.) Truszynski 
requested that Christensen include these MSFN suppor. limitations in all mission 
planning for multiple-launch flights prior to mid- 1969 and keep him advised as 
to what approach he wanted to pursue to support such multiple-launch missions. 

Memorandum, Gerald M. Truszynski to Director, Mission Operations, “MSFN Sup- 
port of Apollo and SAA Multiple Launch Missions,” 22 June 1966. 


Edward Z. Gray, .\dvanced Manned Missions Program Director in NASA Hq, 
criticized both MSFC and MSG for failing to present a realistic and viable 
experiment program for the AAP S-IVB Workshop. From the outset. Gray said, 
all recognized that AAP experiments had to be relatively simple and economical 
because of the requirement for early delivery of flight-qualified hardware (i.e., 
the fall of 1967) and fiscal limitations during Fiscal Yeais 1966 and 1967. The 
respon.scs from MSFC and MSG so far, he stated, “do not constitute a reasonable 
program.” Cray noted that experiments to assess the habitaliili'.y of a spent stage 
(and also to develop design criteria for space station.s) were almost totally absent. 
Several experiments were wholly unrelated to the Workshop and required little 
or no participation of the crewmen. “In my c.stimation wc have not faced up to 
the problem of defining a useful set of experiments,” Gray concluded. Unless 
great effort and imagination were brought to bear on this problem, he warned, 
“wc will be hard prc.s,scd to defend the phase D effort on the Workshop which 
should constitute a key clement of our Saturn Apollo Applications Program.” 

TWX, Edward 2. Gray to MSFC and MSC, “S IVB Workshop Experiments Pro- 
gram, ’ 28 June 1966. 


MSFC announced a number of appointments to fill out the Saturn/ Apollo Pro- 
gram Office staff; Stanley R. Rcinartz, Deputy Manager; Hilmar W. Hacnisch, 
A.ssistant Manager; Jack C. Swearingen, Manager, Program Control Office; 
Rein Isc, Manager, Apollo Tclc.scopc Mount Project; and Jack H. Waite, Man- 
ager, Mission Planning and Experiments Project (later redesignated Experiment 
Development a.id Payload Evaluation Project). 

MSFC, Skylab Illustrated Chronology 1962-1973, 1 May 1973, p. 8. 
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At Houston, MSC Deputy Director George M. Low was appointed Acting 
Manager of the newly established Apollo Applications Program Office. Robert 
F. Thompson was named A^istant Manager. At MSFC, Leland F. Belew was 
designated Manager of the new office. The two new offices were made responsible 
for all “activities concerned with projects using Apollo hardware for purposes in 
addition to the manned lunar landing.” A new Experiments Office headed by 
William G. Johnson was also established at MSFC. 


MSC Announcement 66 92, “Establishment of the Apollo Applications Program Office 
and Designation of the Acting Manager and the Assistant Manager/’ 6 July 1966. 


In a memorandum to Headquarters staff members, Advanced Manned Missions 
Program Director Edward Z. Gray summarized the three separate study efforts 
underway within NASA directed toward evaluating the S-IVB stage as a manned 
laboratory: 

(1) The spent-stage experiment support module (SSESM) study, a ioint 
effort by MSC and MSFC. 

(2) A spent S-IVB-stage utilization study at MSFC. 

(3) A Saturn V single-launch space station. 

Gray noted that the SSESM study had as its chief objective an airlock and 
attendant subsystems to support an early spent-stage laboratory to conduct 30-day, 
three-mau flights. The second study, to be initiated following competition, sought 
to examine concepts for an advanced spent-stage laboratory dependent upon 
regular resupply. The last approach, approval for which had yet to be gained, 
Gray called the “brute force" approach to a space station. In tliis concept, to 
achieve a onc-ycar space station, the S IVB stage was to be launched by a Saturn 
V and would not l^e required to perform as a propulsive stage. No resupply 
would be necessary ex^'ept for experiments and crew rotation, and existing sub- 
systems could be employed. Gray cmphjisized how crucial it was that ongoing 
and planned study efforts compare the advantages and disadvantages of simple 
spent-stage concepts, more sophisticated spent stages, and brute-force stations to 
accomplish the experiments under development. In this manner, when budgetary 
decisions must be made during forthcoming years, the agency would not be faced 
with, as Gray said, “a succession of pallct/LEM-l^b/workshop-lype problems 
with insufficient information to make sound choices.” 


Memorandum, Edward Z. Gray to Director, Program Review Division, “S-IVB Stage 
Space Station Concepts,” 7 July 1966. 

George M. Low expressed his rtservations about the validity of planning a 
synchronous-orbit mission for AAP. In a note to Maxime A. Fagct, Low 
commented on the recent interest in such a mission and voiced his own doubt 
coi rerning either the need for or the desirabiiity of such a fi gb .. Low stated that 
such things as synoptic views of terrain or weather phenomena could be done just 
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as well from low Earth orbit using mosaic techniques. Moreover, low orbits 
afforded simpler operations, much greater payload capabilities, and minimal 
radiation hazards. Low askee^ Faget to have his organization prepare an analysis 
of low Earth-orbit vei-sus synchronous-orbit operations in preparation for up- 
coming AAP planning discussions in Washington at the end of the month. 

Memorandum, George M. Low, MSG, to Maxima A. Faget, MSG, “Synchronous orbit 
missions for AAP,” 9 July 1966. 


Meeting at Headquarters, Deputy Administrator Robert C. Seamans, Jr., Affio- 
ciate Administrator for Manned Spree Flight George E. Mueller, and Associate 
Administrator for Space Science anu Applications Homer E. Newell made several 
significant program decisions affecting AAP and post-Apollo development plan- 
ning in general: 

• MSEC weald be the lead Center for developing the ATM and would be 

responsible for all astronomy experiments. 

• MSEC would be the lead Center for “lunar engineering”— i.e., design 
and development of lunar exploration vehicles (including surface modules, supply 
trucks, and roving vehicles). 

• MSC would have responsibility for Earth resources and lunar scienUfic 
experiments. 

Memorandur.. for record, E. J. Brazill, NASA Hq, "Meeting Held on Monday, July 11, 

1966 by Dr. Seamans, Dr. Mueller and Dr. Newell,” 15 July 1966. 

During informal discussions in Washington, As.sociatc Administrator ior Space^ 
Science and Applications Homer E. Newell was tusked his views regaroing the 
agency’s options for post-Apollo .space projects. Newell’s reply, reflecting to a 
g-eat extent the thinking of scientists within the agency, citcrl three chi-f factors: 
Earth-orbit missions, solar exploration, and orbiting astronomical observatories, 
/'so, Newell played down the importance of the search for extraterrestrial life in 
connection with solar exploration in the post-Apollo period. 

Memorandum for record. J. C. SaUcrth.vailc, NASA Uq, “Post-Apollo.” 12 July 1966. 


Apollo Applications Program Deputy Director John H. Disher created the 
Saturn/Apollo Applications Mis.sion Planning Tiusk Eorcc to oversee and co- 
ordinate mission dcfinliion for proposed AAP missions. The group, headed by 
William D. Green, Jr., of the AAP office in Wiushington, included membe-s fro A 
the three manned Centers as well as Headquarters. Disher charged the group 
with a numiber of specific responsibilities: 


• Determine the fcasibilit>' of accomplishing the proposed AAP missions, 
including objectives, expcrin.cnt compatibilit)', spacecraft and launch vehicle 
charactcristiis, crew capabilities, facilities rctiuircmcnts, mission contingencies, 


and off-noniinal operation. 
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• Conduct analyses on allocation of experiments to different spacecraft 
modules, as well as alternate modes of mission and experiment operation. 

Recommend resolut-on.<! whenever conflicts arise over hardware or mission 

issues. 

In all of these areas, the task force acted as an advisory body to the program 
director. ^ 

Letter, John H. Disher to Dist., “Saturn/.Apollo Applications Mission Planning Task 
Force, 13 July 1966, uith enclosure, Saturn/AAP Program Directive No. I, “Saturn/ 
Apollo Applications Mission Planning Task Force,” 13 July 1966. 


NASA announced that project management responsibility for the ATM had been 
assigned to M.TC. Under the agency’s “phased project planning,” any decision 
to begin ATM hardware development must await preliminary design study and 
evaluation at Marshall. But as conceived at this stage, the ATM would comprise 
several high-resolution solar tclc.scopes attached to the Apollo spacecraft, to be 
operated by scientist-astronauts. SubsequenUy, ATM experiments contracts also 
were transferred from Goddard Space Flight Center to Huntsville. 

Release 66-185, “Telescope Mount for Apollo Flight Assigned by NASA,” 

3 July 1966; letter, Homer E. Newell, NASA Hq, to George E. Mueller, NASA Hq. 

1 September 19C6. 


Through a formal memorandum of understanding between NASA and the De- 
partment of Defense, the two agencies established the Joint Manned Space Flight 
Policy Committee to coordinate, at the policy level, manned space flight pro- 
grams of the respective organizations. The committee was presided over by 
Cochairmen John C. Fo.ster, Jr., Director, Dcfen.se Research and Engineering, 
and Robert C. Seamans, Jr., NASA Deputy Administrator. Funedons of the 
committee were to resolve matters of mutual intere.st between the two agencies; to 
agree on decir ons involving top policy determinations; and to facilitate exchange 
of infonnation and views regarding coordinated planning of manned space flight 
programs wkhin NASA and the Defense Department. (This agreement super- 
seded a similar earlier coordination group established in mid-January 1963, the 
Gemini Program Planning Board.) 

NASA Management Instruction NMI 1154.2, “Manned Space Fligh Policy Commit- 
tee,’ 14 January 1966; memorandum, John C. Foster. Jr., and Robe.* C. Seamans, 

Jr., to Secretary of Defense and N.\SA . .dininistrator, “Manned Spare Flight Policy 
Committee," 9 13 January 1966, with enclosure, “Memorandum of Understanding 
Between The Dipartment Of Defense And The National Aeronautics And Space 
Administration Concerning The Manned Space Flight Programs Of The Two Aecn- 
cies,” 1 1-14 January 1966. 

George E. Mueller, A.s,sociatc Director for Manned Space Flight, officially assigned 
Headquarters management responsibility for development of the S-IVB Orbital 
Workshop and SSESM to Da\id M. Jones, Acting Saturn/Apollo Applications 
Program (S/AAP) Director. Experiments as a part of the SSESM ;.;,d Workshop 
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programs, Mueller said, would still be processed through the Manned Space 
Flight Experiments Board for approval. 

Memorandum, George E. Mueller to Acting Director, S/AAP, Workshop and 

SSESM Development,” 18 July \9f j. 

NASA Deputy Administrator Robert C. Seamans, Jr., ordered the heads of 
program offices at Headquarters to conduct a 60-day study to update planning 
for a permanent manned space station in light of current thinking and recent 
program developments. The study, a joint Headquarters-Field Center under- 
taking, was conducted under the auspices of the Planning Coordination Steering 
Group and comprised two separate subject areas: (1) a study of requirements 
and constraints for a permanent station to meet a broad range of scientific 
objectives; and (2) a similar study of hardware configurations, mission operations, 
costs and schedules, and development plans. (The two separate .study groups were 
headed by Charles J. Donlan and Edward Z. Gray, respectively.) Also, as 
Seamans phrased it, since it was “still a question whether a permanent space 
station is the best approach to achieving the envisioned mission objectives, the 
study group’s report should as.sess its advantages and disadvantage. He empha- 
sized that the study in no way implied that NASA had, in fact, decided to develop 
or even propose such a permanent manned station in space. It would, however, 
“help us to decide if such a course is desirable and when.” 

Seamans also described the interrelationship between th^ space station and 
NASA’s current manned programs, particularly the AAP. 1 he studies, he said, 
should recognize A.\P planning already underway and should assist in defining 
AAP activities that should form precursors to an actual space station (including 
experiments and operational capabilities, as well as supporting research and 
development). The study must, above all, “consider the logical growth pattern 
which should evolve from the AAP program to a space station. 

Memorandum, Robert C Seamans, Jr., to Dist., “Preliminary Study of a NASA 

Manned Spa c Station,” 19 ,luly 1966. 

Following the decision of Deputy Administrator Robert C. Seamans, Jr , to assign 
development responsibility for the A"^! M project to MSFC (see 1 1 July 1966), the 
manned space flight organization had com entrated its efforts on selecting the best 
location for the Al'M within the Apollo spacei raft. As.sociate .\dnnnistrator for 
Manned Space Flight George E. Mueller informed Seamans of their recommen- 
dation — and requested hi:< approval — that the ATM be mounted within the LM. 
Mueller cited the design tradcolTs that led to this recommendation, the fcremost 
being that the LM-mounted ATM, •modified for storage and reuse in orbit, 
offered the greatest jKitential for irceting .\TM performance requirements and 
exp-riment objectives, including the pi ssibility ( ^ manned operation while de- 
tached from the GSM and thus free from external disturbances during fine 
pointing o Derations. (Other possible installation locations considered but rejected 
were an empty bay of the .ser.icc inoiluie; a specially built rack for the ATM that 
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would be launched inside the adapter section where the LM normally rested; and 
inside the spent-stage experiment support module.) Mueller stated that the LM- 
mounted ATM could be accomplished with programmed funds using MSi G 
in-house effort. Also, the system would include use of the LaRC-developed con- 
trol mon. :nt gyro system' for fine pointing control. 

Mcmor«;ndum, Grorge E. Mueller to Deputy Administrator, “Apollo Telescope Mount 

Installation/’ 19 July 1966. 

Harold Glaser, Deputy Chief of Solar Physics at Headquarters, presented to Ad- 
vanced Manned Missions Director Edward Z. Gray detailed arguments justifyiiig 
sole-source award of a contract to North American to study engineering problems 
associated with incorporating large telcsc'^pcs and other scientific equipment into 
the Apollo spacci^raft. (Glaser also argued for a similar contract to Harvard 
University for technical and scientific assistance to North American.) This effoii^ 
a coordinated effort between 1’ : Advanced Mission Planning Grovps in the 
OMSF and the Physics and A^^^ronomy Programs in the OSSA, he toid Gray, 
was essential to make maximum use of th-' Apollo Extension System as an orbital 
platform for a variety of scientific experiments. 


Letter, Harold Gla’^cr to Edward Z. Gray, “Sole Source Just»6cation for Noncom- 
petitive Procurement. . . /’ 19 July 1966. 


KSC announced creation of an Advanced Programs Office within the Apollo 
Program Office. The new group, headed by Robert C. Hock, was given respon- 
sibility f(/r overall Center planning in the advanced programs area, including 
Saturn/ Apollo Applications. 

Spaceport NewSj 21 July 1966, p. 5. 


George M. I.ow .iummarized MSC’s thinking regarding proper location of the 
ATM with the AAP payload configuration. Lesv affirmed Houston’s app.oval of 
the recent assign ac it of total responsibilitv for the ATM to MSFC (an assign- 
ment that MSC h; . supported from the outset). The most important task now 
was to “get on witti the ATM in a most expeditious manner .so that we can 
demonstrate once and for all that there is a major place for science and applica- 
tions in maaned space flight.” Further, Low said, getting on with the job meaat 
“making Marsliall’s job as simple and as straightforward as possible.” Because oi 
extremely complex technical and managerial interfaces, the benefits of total 
sy.stcms responsibility at MSFC: would be lo.st if the A'l’M were mounted on an 
Apollo LM. “We frankly diai’t believe thai die jub c.ai be done in this manner 
in any reasonable length of time,” he said, for iiiuch the same reasons, MSC 
also withdrew earlier recommendations that the .\ 1 M could be loi atcd in a sector 
of the service module or in the spent-stage experiment support module. Rather 
he urged that the A1 M be integrated into a .self-contained rack fitted into the 
adapter area and launched aboard a single vcl.icle along with the CSM. .. w 
cited a number of spec ific objections to Headquarters' rrcommendalion that the 
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ATM be in the LM, even though the approach was technically feasible and 
offered several important advantages. Nonetheless he ^is view dmt 

operational factors, technical and managerial interfaces, and cost and chedule 

considerations all favored a rack-mounted approach^ I'T T^irulrte^ 

were ample justification for such an approach, and he urged that Headq 
and MSFC proceed with such a design at the earliest possible date. 


Letter, George M. Low. MSC. to John H. Disher. NASA Hq. 22 July 1966. 


William A. Ferguson, MSFC Orbital Workshop Project Manapr, made a pre- 
sentation on the OWS as an experiment to the Manned Sp^e Flight 
Board (MSFEB). Associate Administrator George E. Mueller approve 
experiment for flight on AS-209. 


Manned Space Flight Experiments Board, “Minutes,” 25 July 1966. 


John H. Disher, Saturn/ Apollo Applications Deputy Director, ^^''‘^ed his Syste^ 
Engineering Director that, on the basis of studies and review within both the 
OMSF and the OSSA, the choice of location for the ATM ha 
down either to the LM ascent stage (with a “half rack” in place of the d“«nt 
stage) or to a specially designed rack structure completely supplanting the L 
Disher requested additional information on both of these approaches to help m 
making final recommendations: 


(1) A comparison of command and service modules interfaces for the two 

(2) An analvsis of interfaces between the LM rack and the ascent Jage. 

(3) Descriptions of the subsystem installations for both the LM ATM and the 

rack ATM. 


Memorandum, John H. Disher to Director, Systems Engineering, “ATM LM vs. 
Rack Installation,” 25 July 1966. 


Deputy Administrator Robert C. Seamans, Jr., formally notified Associate Ad- 
ministrators Mac C. Adams, Edmond C. Buckley, George E. Mueller and Homer 
E Newell that he had assigned full responsibility for Apollo and AAP missions to 
Mueller’s Office of Manned Space Flight. This decision, he said, was in Ime with 
the “fundamental policy of NASA that projects and programs arc best planned 
and executed when these responsibilities are clearly assigned to a single manage- 
ment group.” Thus, OMSF had full responsibility for AAP hardware systems, 
integration of cxperin'cnts, and conduct of the mission. At the same time, 
Newell’s Office of Space Science and Applications, the office with overdi respon- 
sibility for the scientific content of NASA’s space flight programs^^ had the task of 
selecting experiments to be flown aboard AAP missions as wel for analysis 
and dissemination of data collected. Likewise, Adams Office of Ad^ meed Re- 
search and Technology was responsible for technology experiments aboard 
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manned space flights, while Buckley’s Office oi Tracking and Data Acquisition 
was charged with satisfying the communications requirements for experiments as 
specified by the other offices involved. 

Memorandum, Robert C. Seamans, Jr., to Dist., “Management Responsibilities for 

Future Manned Flight Activities,” 26 July 1966. 

George E. Muellei, Associate Administrator for Manned Space Flight, advised 
Robert C. Seamans, Jr., of progress toward selecting the proper location of the 
ATM with the AAP payload cluster and requested his approval of the preliminary 
project development plan. Mueller, urged proceeding immediately with the 
project based upon mounting the ATM on a rack structure that would (1) either 
supplant the descent stage of the LM (thus using the LM ascent stage for mount- 
ing experiment consoles and for supporting the crew during periods of observa- 
tion) or (2) attach directly to the Apollo CSM. Mueller recommended beginning 
development work on the ATM project immediately, rather than deferring such 
action until the end of the year, in order to ensure flight readiness during the 
1968-1969 period of maximum solar activity. Also, Mueller strongly supported 
Seamans’ suggestion that much in-house effort and manpower at MSFC could be 
brought to bear on the ATM development program. Indeed, Muellei stated that 
such a course was essential to successful prosecution of the ATM project within 
available resources, even though several important industrial contracts for ATM 
components were still necessary. 

Memorandum, George E. Mueller to Deputy Administrator, “Apollo Telescope Mount 

Project,” 2 August 1966. 

George E. Mueller, Associate Administrator for Manned Spa. /light, recom- 
mended to Deputy Administrator Robert C. Seamans, Jr., that NASA proceed 
with its procurement effort on an S-IVB airlock module (AM) experiment as 
part of the dual-launch Apollo-Saturn 209-210 mission. The AM, to replace a 
LM aboard one of the vehicles, was to serve as the module affording a docking 
adapter at one end to permit CSM docking and at the other end a sealed con- 
nection to a hatch in the spent S-IVB stage of the rocket. The AM, a tubular 
structure about 4.5 m long and 3 m in diameter, would thus provide a pres- 
surized passageway for the crew from the spacecraft to the empty interior of the 
S-IVB hydrogen tank. Oxygen tanks in the module would pressurize the AM 
and interior of the S-IVB to create a “shirt-sleeve” environment for the crew. 
Objectives of the AM, Mueller explained, were to investigate the feasibility of 
using a spent rocket stage as a large habitable structure in space and to develop 
the capability for long-duration manned missions. If successful, he told Seamans, 
the AM would give NASA an early capability for manned expc.imentations and 
operations in space. Definition and design of the AM had already been com- 
pleted, and the experiment already had approval of the Manned Space Flight 
Experiments Board. Moreover, procurement bids had been received from indus- 
trial firms and results of the competition presented to Administrator James E. 
Webb in mid-July. Thus, because the AM presented “a unique opportunity to 
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investigate a major new manned space flight capability at a reasonable cost, 
Mueller urged Seamans to approve its early procurement. 

On 2 August, Seamans presented Mueller’s arguments to Webb, recommending 
approval of the AM experiment. Seamans reasoned that the experiment, if 
feasible, would provide the United States with a major new capability for long- 
duration manned space operations without interfering with the basic Saturn IB 
launch vehicle program or the mainline Apollo lunar landing goal. Webb 
approved Seamans’ arguments the following day, with an added comment: 
“particularly as it [the .\M] would open up additional areas of knowledge we 
might need if Russian programs accelerate to the degree that we wish to add to 
our manned operations with least lead time and maximum use of Apollo 
equipment.” 

Memoranda, George E. Mueller to Deputy Administrator, ‘*SIVB Airlock Experi- 
ment;’ 2 August 1966; Robert C. Seamans, Jr., to James E. Webb, same subject and 
date,* with Webb’s hand-written comments, 3 August 1966. 

In a letter to Robert R. Gilruth, George E. Mueller acknowledged MSG s expedi- 
tious completion of the phase C definition phase of the Apollo experiments pallet 
effort. However, he noted several fundamental changes since the pallet effort was 
started. With experiment funding se\’crcly limited, NASA had now placed 
greater emphasis on a few major experiments (such as the Apollo telescope 
mount) in contrast to the wide variety of experiments originally envisioned for 
A.\P missions. Also, Mueller obsen ed that because of recent reshaping of AAP 
objectives toward long-duration missions program planners now believed that, in 
general, experiments should be carried in the adapter area of the launch vehicle 
rather than in the vacant bay of the service module (which thus could be used for 
expendables to support the longer duration flights). In light of thc.se program 
changes, Mueller concluded it was no longer wise to proceed with phase D of the 
pallet program — actual hardware development. 

Letter, George E. Mueller, NASA Hq, to Robert R. Gilruth, MSG, 2 August 1966. 

Based on confirmation during di.scus.sion with Melvin Savage of NASA Hq, MSG 
Gemini Program Deputy Manager Kenneth S. Klcinknccht advised of changes in 
hardware nomenclature for the Apollo Applications Program: 

• The S-IVB spent-stage experiment was now the Orbital Workshop. 

• The spent-stage experiment support module was now the airlock module. 

• The spent S-IVB was now the Orbital S-IVB. 

Mcmora.vlum, Krmu-tl. S. Klcinknccht to Dist„ “Change in nomenclature from *S- 

IVB Spent Stage Experiment' to ‘Orbital Workshop,’ " 9 August 1966. 

MSG Flight Operations Director Cliristopher C. Kraft, Jr., expressed to George 
M. Low, Acting MSG .\pollo Applications Program Manager, grave doubts 
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regarding the wisdom and validity of present AAP planning program inte- 
6, Lion. Citing specifically the S,n,rn/A.^P Development P;;"" 

Ind MSFC’s Phase C AAP Integration Contract dated 12 June 1966, K 
pointed out the absence of any specihe method of providing ‘ integration of the 
complete AAP vehicle and identified several potential problem areas. 

Kraft expressed concern about the necessity for clear assignment of responsibility 
for vehicle integration (i.e., comprehensively covering confi^ration, payload, 
trajectories, data acquisition, operations, and objectives). Existing plans, he said, 
made MSC responsible for integration of the commaird and se^ice rnodules, 
MSFC the S-IVB, instrument unit, and lunar module; and, Y ’ 

Headquarters the job of total payload integration. Kraft called 
scheme of having two independent and parallel efforts for the spacecraft payload 
rnS^ation. AlJ, it was inconceivable that Headquarters could ta^e on such a 
de'Jled and complex role. In short, Kraft made out a case for MSC ensuring to 
itself its traditional responsibilities in the areas of spacecraft desi^ and 
in the face of assignment of some measure of overall payload r^ponsibihty to 
MSFC. Above all, he called for clearly defined roles and responsibilities. 

Memorandum, Christopher C. Kraft to Acting Manager, AAP Office, “Payload Inte- 

gration and AAP,” 10 August 1966. 

At a meeting of the Manned Space Flight Management Council at Lake Logan 
North Carolina, Headquarters and Center representatives worked out a general 
agre^ent rega;ding the respective roles of MSC and MSFC in the development 
aL operatioL of future manned space flight hardware^ The conceptual basis 
for this agreement, a space station, reflected an intermediate step between eariy 
AAP mis-sions and later more complex planetary minions. In 
same jurisdictional arrangement characterized AAP’s OWS ana the ATM. T 
underlying rationale and capability for this division of program ^ 
sibilities lay in the idea-one dating from the early planning stages of Apollo^ 
modularization. Thus, provided interfaces were not extremely 
a total space vehicle could be farmed out to separate field centeis or devclopmwt. 
In line with the traditional roles of MSC and MSFC, Huntsville wou d oversee 
launch vehicles, a “mission module” of the living quarters, and the laboratory 
part of a large space station. MSC would be responsible for a command pos- 
It flight dc?k, where all piloting functions were located, as well as lo^tics 
vehicles, rescue craft, other specialized vehicles, and crew training and namon 
operations. This, in effect, similarly portrayed the division of responsibilities 

between the two Centers for AAl ♦ 

The combination of CSM and AM comprised the “command post” of AAP, and 
therefore was MSC’s responsibility. The OWS similarly belonged to MSFC. Ex- 
periments were divided between the two oTganizations. These working piemires 
represented perhaps the most fundamental statement of intra-NASA jurisdictional 
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rcsponsibliities since MSFC first became a part of the agency and MSC emerged 
as a separate field element. 

L,„„, tob.-. R Oi.™.!., 

Flight,” 24 August 1966. 

NASA announced scleccion of McDonnell “ S-IVB Sawm 

pennil a«ronauB to enter the empty M^cn tank oI a ^ 

Lge. The AM would fotnt an interttage „ake 

Apollo GSM and would jc had ptojectWra^^^ <" *' 

the structure habitable in space. X®,;;fXP^:apo,usibili^ lor the AM 

complete negotiations with McDonnell were 

rX^rnrSe;e*r. Beca^ design o, - 

-e-htKS^^^^ - .S o^ce’to »p.n 

the AM project. 

tn I Kr D9S “Select Contractor for Spent Saturn Airlock Expert- 

“r ?r: “T96 — Braaeth S. K,^, .« Dep.n, D.wcu.,. 

-Wt . . N.aS 9-6S55, AlrWU,” 23 Srptoabr, l»e. 

NASA Deputy AdmhthtratorK*^^^^^^^^ 

:'^:cr£;;^am * 0 “ upoitance of foc.tsing all project clfort on 

meeting the existing SA 21 ' /212 schedule. 

c k -rl that ho be kept fully informed of all major decisions during the 

Seamans asked that he be kep ) of 

system definition phase o I rationale; expen- 

particular interest: the design concept for ^ aTM 

ments planned for the mission (espet i.i > a follow-on 

flight); operational concepts; 1’™^'"*^”!^ .‘ ‘j procurement, and management 

atm if resources permitted; orgam .a lon.tl p , 2 ,, 212 

approaches for the mission; and sclicdnlc optiois . 
became aN ailable for an alternate .\TM mission. 

Memora.uU.m, Rfibct Scaiuans Jr. to 

NASA Hq Saturti/ Apollo Applinitions 

ments and Center rcsponsiliilitics to suues.s j rbital (ligbt. Candidate 

Applications 209 missio.i, a 2H-day, manned, Ivuth-orbital g 
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A reproduction of a rough sketch by NASA’s Associate Administrator for Manned 
Space Flight, George E. Mueller, which indicates his thinking on the configura- 
tion of the S-IVB Workshop as of August 1966. 


An advanced airlock concept prepared by P. M. Chapman, Douglas Aircraft Com- 
panj^ on 20 August 1966. The 9705-kilogram weight included 5675 kilograms 
for the airlock and 4030 kilograms for government-furnished equipment, experi- 
ments, and margin. 
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experiments for the mission included 13 engineering, 7 medical, and 6 technology- 
related experiments. 

S/AAP Directive No. 3, “Flight Mission Directive for SAA 209 Mission,” 13 Sep- 
tember 1966, 

Prompted by recent operational difTiculties involving extravehicular activity dur- 
ing Gemini flights IX-A, X, and XI, Deputy Project Manager Kenneth S. 
Kleinknecht recommended to Saturn/ Apollo Applications Program officials in 
Washington a redesigned forward dome hatch in the S— IVB hydrogen tank; i.e., 
one that could be more readily removed. He urged installing a flexible type of 
airlock seal prior to launch of the .stage. These changes, Kleinknecht said, would 
go far toward minimizing astronaut workload for activating the spent stage once 
in orbit. 

Memorandum, Kenneth S. Kleinknecht to John H. Disher, NASA Hq, “Recommen- 
dation for reduction in Orbital Workshop activation workload,” 21 September 1966. 


In light of agreements on Center roles and responsibilities reached during the 
Lake Logan Management Council meeting (see 13-15 August 1966), recent 
Gemini flight experience, and review of assigned advanced study activities related 
to extravehicular activity (EVA), Advanced Manned Missions Director Edward 
Z. Gray revised the division of effort between MSEC and MSG on EVA studies 
and responsibilities. (Gemini had proved the need for careful assessment of EVA 
requirements dictated by mission objectives, the laying down of specific EVA 
hardware and procedures, and the verifying of astronaut capability to perform 
various EVA tasks.) Gray stipulated that MSC would be responsible for study, 
test, and development of EVA equipment and procedures (including astronaut 
participation); MSEC had responsibility for development and test of large struc- 
tures in space that might require astronaut EVA for as.'^cmbly, activation, mainte- 
nance, or repair. As a whole, these study efforts at the Centers, said Gray, were 
aimed at formulating a thorough analysis of EVA potential and astronaut 
capabilities and at devising a long-range program for developing and using EVA 
hardware and procedures to further man’s usefulness in space. 

Letter, Edward Z. Gray to Robert R. Gilruth, MSC, 7 October 1966. 

Saturn/Apollo Applications Program Deputy Director John H. Disher, in re- 
sponse to a letter from MSC AAP Assistant Manager Robert F. Thompson 
regarding the difflcuU workload imposed on the crewmen during the SAA -209 
mission (i.e., opening the S I v’^B tank dome cover and installing the airlock boot 
might be enough to jeopardize the mission), asked both Thompson and Leland F. 
Bclew, S/AAP Manager at MSFC, to explore various alternatives to this method 
of activating the Workshop. Also, Disher asked that Belcw undertake a simulation 
effort to evaluate definiti\'cly the workload involved in activating the present 
Workshop configuration. 
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Letter, John H. Disher to Leland F. Belew and Robert F. J'hompson, “Reduction in 
Orbital Workshop Activation Workload, ’ 7 October 1966. 

MSFC Director Wcrnlicr \'on Braun dcscriix'd to his MSC counterpart Robert R. 
Gilruth his ideas for transferring to Houston the bulk of MSFC’s lunar explora- 
tion studies and development contracts. (As a result of the 13-15 August Lake 
Logan meeting, Deputy Administrator Robert C, Seamans, Jr., had designated 
MSC the lead Center for lunar science.) von Braun proposed that planning for 
AAP-type lunar traverses and a wide \aricty of lunar scientific experiments (in- 
cluding a scientific package of experiments to be emplaced near landing sites) be 
transferred to Houston. On the other hand, he believed that lunar roving and 
flying devices, the AAP lunar drill, and the lunar surveying system should be 
retained at Huntsville, saying that these projects were of an engineering rather 
than a scientific nature and that, with MSFC’s in-house capability for engineering 
work of this type, his Center could make substantial — and cost-effective — contri- 
butions to lunar exploration. 

Letter, Wernher von Braun to Robert R. Gilruth, 19 October 1966. 

Robert F. Thompson, Assistant Apollo Applications Program Manager at MSC, 
wrote AAP Deputy Director John H. Disher criticizing reductions by Headquar- 
ters in Houston's AAP Project Operating Plan for Fiscal Year 1967 for both ex- 
periments and the Orbital Workshop mission ($8.6 million for each). Thompson 
claimed that the current requirement for the Workshop mission was $17 million 
($14 million for hardware and mi:ssion support and $3 million for currently 
assigned experiments). He then broke down specific funding requirements for the 
airlock module, command and service modules modifications, guidance and 
navigation hardware and software, crew' systems, and training requirements. 
Houston was going ahead with the Workshop mission as speedily as possible, 
Thompson said. However, “prompt and adequate funding ... is required if 
current schedules arc to be met." 

Letter, Robert F. Thompson to John H. Disher, “FY 1967 funding requirements for 
the Orbital Workshop Mission,” 19 October 1966. 

MSC officials conducted a preliminary design review on the AM at the McDon- 
nell plant in St. Louis. Participants found tw'o major problem areas that could 
severely affect the probability of mission success. The most critical was the design 
concept of total reliance on piissivc thermal control for the S-IVB. The second 
was the lack of definition on extravehicular and intravehicular equipment (which 
affected AM systems and hardware design). In addition, NASA reviewers made 
a number of specific suggestions for improved system design, notably provisions 
for revisitation and rehabitation of the AM on successive flights. 

Memorandum, Donald K. Slayton, MSG, to Airlock Manager, Gemini Program Office, 
and Assistant Manager, Apollo Applications Program, “Comments Concerning the 
Air Lock Preliminary Design Review,” 25 October 1966. 
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Kenneth S. Kleinknecht. Gemini ProRram Deputy Manager at MSG, requested 
from W. A. Ferguson at MSFC that Huntsville furnish MSG two S-IVB trainers 
for use in crew training and crew evaluation of hardware for the aiiluc?. piogram. 
MSG wanted a full-scale S -IVB neutral buoyancy trainer for evaluation of 
extravehicular operations, crew transfer, and equipment retrie\al and stowage. 
Kleinknecht also asked for a full-scale, high-fidelity, one-g trainer for simUar 
application. He requested that these trainers lie updated as changes were made 
to the design of the S-IVB flight article. 

Letter, Kenneth S. Kleinknecht to W. A. Ferguson, “S-IVB Trainers for Manned 
Spacecraft Center,” 25 October 1966. 

MSFG distributed its research and development plan for the OWS. The develop- 
ment plan defined objectives and basic criteria for the project and established a 
plan for its technical management (chiefly through MSFG’s Propulsion and 
Vehicle Engineering Division). Officially, the Workshop had won approval for 
the SaturnA\pollo Applications 209 mission, which was a backup for Apollo- 
Saturn 209. Primary purpose of SAA-209 was activation of the .spent S-IVB 
sta<re into a habitable space structure for extended Earth-orbit missions. In addi- 
tion, a number of objectives for the OWS were considered essential to man’s 

abilities in space: 

• Evaluation of man's capaliilily to inhabit and exploit large space structures 

• Development of supporting technology for the .\AP and advanced space 

vehicles 

• Evaluation of man's ability to accomplish complex tasks in . pace 

. Evaluation of biomedicai and systems aspects of exterded duration 

missions . 

• Deactivation of the Workshop si' th it it could be revisited and reactivated 

on subsequent missions. 

Most importantly, the OWS would adv; nee space science and technology and 
thus “sustain the tempo of the national s} ace program, and aid m a.s.sunng U.S. 
primacy in space.’' 

MSFC, “Orbital Workshop Rpsrarch ami Drvch*pim'nl Flan, 2f) Oi tobpr 1966. 


Saturn/ Apollo Applications officials at Headquarters sounded out Houston offi- 
cials on the status of MSCVs land-laiuling development plan. MSG technicians 
had “reevaluated'' their original cloverleaf-retrorocket configuration and now 
were pushing for development of a sailwiiig as the reentry descent system, be- 
lieving that the sailwing had greater potential for .\pollo-class vehicles (especially 
in range and maneuverability). Also, MSG spokesmen pmpcised that Houston 
take over testing of the “parawing’' (a limp paraglider) being developed by 
Langley. Thev stated that the research and testing effort required to develop the 
sailwing and parawing w.ntld delay until 1971 or 1972 NASA’s achieving a 
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land-landing capability. (Previous work on the cloverleaf-retrorocket concept had 
promised such a capability by about mid- 1 970.) 

^aTe"FHeht"’‘‘w*'u^ Administrator for Manned 

ber 1966, with attachment, Saturn/Apollo Applications Program Summary.” 

After intensive effort by AAP groups at MSFC and MSC on the ATM and AAP 
mission planning for Flights 209 through 212, George E. Mueller told the two 
en that he now had ample information for a “reasonable plan” to 

proceed with AAP. First, Mueller stated that the Orbital Workshop mission could 
achieve AAP objectives by launching the complete airlock. Workshop, and 
multiple docking adapter unmanned into a one-year orbit, with activation to be 
^comphshed by a separately launched crew. The fimt two AAP missions, said 

wr!‘M*''’iTr K ^ three-man, 28-day flight and, at the same time, 

u es a IS a arge clustered space configuration for u.se during subsequent 
missions. Secondly, Mueller posited that the ATM to be developed by MSFC 
could readily be integrated into an LM ascent stage and could reasonably be 
scheduled for launch during 1968. He cited the possibility that, by eliminating 
some equipment from the LM, the complete CSM-LM-ATM vehicle could be 
aunched by a single booster. However, Mueller stated his belief that the correct 
approach .should retain tho.se LM subsystems required to operate the vehicle in a 
tethered mode, even though normal operation might call for the LM/ATM to be 
docked to either the Workshop or the CSM. Further, Mueller expressed real 
concern regarding the likelihood of significant weight growths in the ATM sys- 
tems. For this reason he favored separate launch of the LM/ATM combination. 
Mueller planned to present AAP planning along the.se lines during discussions 
T.L several days with Admini.strator James E. Webb and the Director 

ApoHo era^*^^ regarding NASA’s planning for manned space flight in the post- 

George E. Mueller, Associate Administrator for Manned Space Flight recom- 
mended to Robert C. Seamans, Jr., the lunar module ascent stage/half-rack 

for develop- 
ment of the .ATM. Mueller explained that a number of “desirable characteristics” 
had been examined m comparing the LM .ATM with its chief rival, a CSM rack/ 
AIM: (1) achievement of maximum .solar data (through case of operation, 
ability to repair, maintain, and reuse, and the capability of adding new instru- 
ments on subsequent rnksioas); (2) maximum employment of man’s capabilities 
for orbital astronomy (including pointing, film retrieval, repair and maintenance, 

r. Atf, w iT (docked with 

the Orbital Workshop and .separated from the cluster via a tether); (4) minimum 

cost consistent with accomplishing mission objectives; and (5) highest assurance 
of achieving program schedules. 


1966 

October 

Nov*mb««’ 

2 
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November 


16 
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Comparison siudics had show,, .ha. tab 

should use the Laiiglcy-dcvelopt contro mo . ' j jj j-rew 

co„.rol and .ha. bo.h „,„fis...a..on. m,d 

access to instruments and contro s, f its siniplic .{ov^ cvcTa he vehicle 

Seamans, was a..rac.ivc primanly .i,,. e.ina.ion or 

could no. be opcra.ed a. a dis.ame Irom c .. ^rs). On .he 

mo.ion dis.,,rhanc«^ 

Other hand, the L /• - normally be operated 

requirements without any impac^ ^ VVorkshop or, if experiment requirements 
while docked to either the - n- w Htte- c iDabilitv was especially 

» dic.„.ed, be chher .e.hercd or tree .h-ange 

valuable, Mueller explained, 3ci .uis telescoDCS and would permit early 

ol modes lor opera.', ng tu.ure manned „ 

de.erm.na.lon .he (see 2 Angus. 

W67a:d'’Cl.: hid give,, hi ..lay shoe.,, .hc.cat.er [see 29 Augus. 19661.) 

or,,.,. E. Marllrr 

(ATM)- Spacecraft Configurations and Operating moqcs, 

of the approved mission sequence for missions -09 through - 

. S^A-209, .nanned bl.«k II CSM fllgh, ot 28-day dura.lon, wi.h U,e 

docUm,“dlp.or co,„bi„a,ion. wish solar cells as .he chiel source ol power. 

. "s \ V-'> 1 1 : CSM flight of 56-day duration. 

. 5/1^212, u„ma.,..c<l lunar ,„o.l..l.-.\poll« .clescope moon, rnghl. 

Disher said .ha, .nission planning directives were being expedited .., implemen. 
this mission sequence. 

TWX, John H. Disher to MSC, KSC, and MSFC. 8 November 1966. 

In i major .\AP mission planning session at Houston, l exas, 

,na‘ Eberhard F. M. Rees. Deputy rcspccthe Lv 

tivcly, and Robert i. * ^ ‘ . ro ieh fcir implenm^ 

(1) S/A.\ 209 210. primarily a manned NNotkslup pe . 
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, C team drew assistance from the principal AAP contractors. 

clten “to -sr I ^ ‘J'v'S've issues and with affirmations by both 

Centers to proceed in getting the job done together.” ^ 

Memorandum for record, Leland F Brlrw “N,,.,.. nc ■ 

1966, Apollo Applications Program,” 1 7 N.’.vembcr 1966 

Maurice J. RafTensperger, Earth Orbital i\. vsion Studies Director in NASA Ho 
spelled out rev^d criteria for design of a one-year Workshop in sp^eCct^^^^^^ 
be incorporated by MSEC and MSG planne. into their propLd LnfiguraZs;° 

The H launch in January 1971 

low EaT rt Vu ff capable of a two-year surj^ival in 

w Earth orbit. (RafTensperger speculated that a “dry-launched” S-IVB stage 
could be employed without major .structural changes.) ^ 

Mann J n'hv'"^^'", flight-qualified Apollo and 

Manned Orbiting Laboratory hardware capable of one-year operation. 

• Operation of the .station during the second year was to be accomplished 

aL^hed to the "^-'^'"P'u^ntal systems” module that would be 

attached to the original space .station structure (and would be developed sep- 
arately as part of the long-duration space station program). ^ ^ 

• Initial launch of the station would be with a Saturn V (and include GSM) 

with 1" ‘^1‘her zero-g or 

with artificial giavity (using the “simplest, least expensive” approach) ^ 

vehici*e ar^thl ^ T‘ '™h 

veniclc and the long-duration subsystems module). 

• Cargo resupply and crew changes were to be carried out using Apollo- 
Apphcations-modificd CSMs (limited to three Saturn IBs per year). 

TWX, Maurice J. RafTensperger to MSFC, 16 November 1966. 

Oerr'^A"* Jr., at the monthly program meeting during 

October, Associate Adminrstrator for Manned Space Flight George E Muellef 

relTun'f ‘i" i"‘ '“ding the DOD’s a,stronaut maneu- 

venng unit back pack aboard AAP flights. The unit was first flown aboard 

Getmm IX mmon, but EVA problems forced an early termination of the 


1966 

Nev'^i. ber 


16 


18 
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1966 experiment. At the end of September 1966, NASA had eliminated the unit from 

Novtmb«r Gemini XII mision in order to concentrate efforts on investigating the basic 

fundamentals of EVA. 

Mueller told Seamans that the a^.tronaut m'meuvering unit could be incorporated 
into AAP flights without compromising primary objectives of the Orbital Work- 
shop mission. At the request of the Air Force, Ling-Temco-Vought, Inc., the 
unit contractor, was working with both North American and McDonnell to iden- 
tify modifications needed to integrate the back pack into the Apollo GSM and 
AM. Although the Air Force had not yet asked that the astronaut maneuvering 
unit be assigned to AAP, officials were studying the desirability of committing 
the estimated cost of $2.5 million to $3 million to do so. If indeed the military 
service made this commitment, Mueller told Seamans, NASA planned to carry 
one unit aboard the S^\A-210 and the SAA-2i 1 and 212 missions. 

Memorandum, G E. Mueller to Deputy Administrator, “DOD Back Pack (AMU) 

Experiment for Orbital Workshop Mission,” 18 November 1966. 

18 J. Pemble Field, Jr., Director, Saturn/ Apollo Applications Control, notified pro- 

gram officials in Headquarters of Acting Director David M. Jones’ decision to 
designate AAP missions in numerical .sequence, starting with AAP-1 (rather than 
the former designation of S/AA~209). However, program planning documents 
would still include tentative hardware assignments pending firm vehicle allo- 
cations. 

Memorandum, J. Pemble Field to Dist., “AAP Mission Designation,” 18 November 

1966. 

21 A LM/ATM review team led by John M. Eggleston (MSG) met at MSG to 

determme the nature and state of design of the LM/ATM; to evaluate' the feasi- 
bility of approach in each system area; and to identify interface areas between 
MSG and determine areas needing MSG support. The review group recom- 
mended tasks that MSG should or must do to assist MSFG; to fulfill MSG 
responsibility in ensuring that the LM remained a safe and useful manned space- 
craft; and to provide MSG management sufficient data to negotiate with MSEC 
on roles and missi >n. 

ATM presentation, 21 November 1966. 

28 AAP Deputy Director John H. Dishcr advised the .\AP Manage... ai MSG and 

MSFG (Robert F. Thompson and Leland F. Bclcw, respecti\'ely) of a number 
of requirements that we»-e to be included in a program-lc\el interim specification 
on the AAP cluster. These requirements included solar cells with rechargeable 
batteries, a two-gas environmental control system, the capability for multiple 
dockings, windows, and the capabilits for Itjng-lerm storage and reuse of the 
basic hardware clu.stcr. Disher emphasized th at the A.\P OWS assembly must 
be produced at a minimum cost and that no element of the .system should incur 
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capabilities beyond those of the basic program require- 

anteed to ^t * ‘he OWS system b.^uar- 

The 9« maintenance by successive cfews 

The 28- and 56-day fl.ghts were goals rather than guaranteed iquirernl 

-r,E 

NASA announced election of Bendix Con^oration’, Edip« Pi„«,er Di.a„„ » 
for ATm”S ot » PoiMing conttol ayarm 

d «• “ «-•«* coa. o/jM 

fpn,. J K ,4 r ^ pomting system, one of several flight sys- 

tems to be developed for the ATM pmgram, was based on design of a clSS 
moment gyro that Bendix was already developing for Langley. 

«;T96r"^ scope MounC 28 


NAxSA Hq announced the appointment of Charles W. Mathews, Gemini Pro 
^m Manager at MSC, to the post of Director of Saturn/Apollo AppUcatmns 
Mathews replaced David M. Jones, who had been Acting nLlor L addin' 

Pro^r''^ r U r Administrator for Manned Space Flight 

IPrograms].) Mathews assumed direction of the agency’s effort to n«- Aoli 
vrhider n, ,xKnd sciendfic and fechnic, expl„„.i„r„rs;a« •” “= ^P°^ 


NASA News Release 66-310, 
30 November 1966. 


Mathews Named to Headquarters Post-Apollo Job/* 


Ldifi^d f ^ ^ Headquartere on various 

mo^fied lunar modules suitable for a lunar exploration program as part of AAP 

These modified craft took the form of a LM taxi ferry Ld logistics^craft a LM 
shelter, and an “augmented” LM. Disher authorized MSC to extend its engineer- 
mg studies contract with Grumman to further define such modified LlT^n 
figurations. He ah. asked MSFC to try to incroase the Saturn v" ri^slu^i' 

^o^nity tc pursue any of several alternatives once future landing levels were 


Memorandum, John H. Disher, NASA Hq. to Dist 
Program,” 1 December 1966. ’’ 


“SA.A Lunar Surface Exploration 


^ Tl d««r concepf into the AAP 

CsS^i “"“P‘ “«“> of > Wortahop launch following a u 

eSM launch. S,x months later, a LM/ATM launch would lollop a ^^d 

fim f'f '■ t™' "ould rendetvous and dock to the cluster. The 

aul C^^°H 7“^ ’'■’"'“''‘f 'O'' j""' 'P68- As opposed to the haUt- 

aWe OWS and cluster concept which projected a much mote complex program, 
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Nov«mb*r 


28 


30 


D*<«mb«r 
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the S-IVB SSESM had been a comparatively simple mission requiring no ren- 
dezvous and docking and uo habitation equipment. 

A major similarity between the old S-IVB/SSESM concept and the cluster con- 
cept was use of the S-IVB stage to put the payload into orbit before passivation 
and pressurization of the stage’s hydrogen tanks. The new cluster concept em- 
bodied the major step of making the Saturn— IVB habitable in orbit, incorporating 
a two-gas atmosphere (oxygen and nitrogen) and a “shirt-sleeve” environment. 

The OWS would contain crew quarters in the S-IVB hydrogen tank (two floors 
and walls installed on the ground), which would be modified by Douglas Aircraft 
Company under MSEC management; an airlock module (previously called the 
SSESM) attached to the OWS, which would be built by McDonnell Aircraft 
Corporation under MSC management; and a multiple docking adapter (MDA), 
which would contain five docking ports permitting up to five modules to be 
docked to the Workshop at any one time. Tlie MD.\ would also house most 
OWS astronaut habitability equipment and man\- experiments. 

The schedule called for 22 Saturn IB and 15 Saturn V launches. Two of the 
Saturn IBs would be launched a day apart — one manned, the other unmanned. 
Flights utilizing tw'o Saturn V Workshops and four LM— ATM missions were also 
scheduled. 

NASA Hq Schediilci 5 December 1966. 

John H. Dishcr distributed to elements of his Headquarters organization and to 
the Apollo Applications Managers at the field ccntei-s a list of action items and 
required completion dates that resulted from a major AAP management and 
planning review meeting at KSC on 9-10 November 1966. Disher listed 27 spe- 
cific priority items, encompa-ssing cost and schedule impacts of configuration 
changes, reusable Workshop designs, solar panels versus fuel cells, two-gas atmos- 
pheric selection, emergency procedures, extravehicular activity requirements, 
experiment definition, Apollo-vehicle design modifications required for AAP, a 
definite plan for follow-on hardware procurement, testing requirements, reliability 
and quality assurance, and organizational ard manpower requirements. These 
sundry actions, he said, constituted a roll call of the fundamental items that had 
to be accomplished to establish a viable and ongoing AAP. 

Memorandum, John H. Dishcr to Dist., "Action Items from Apollo Applications Meet- 

ing at KSC, November 9-10, 1966,*^ 5 Dercinhci 1966^ with attachment, **ApolIo 

Application-s Program Meeting, November 9-10, 1966, KSC: Action Items/’ 


NASA Hq approved MSC’s contract with McDonnell for the airlock portion of 
the OWS experiment. The contract provided for delivery of one flight unit, with 
options for three additional modules if the agency .so desired. 

Kenneth S. Kleinknecht, MSC to John H, Disher, NASA Hq, 16 December 

1966. 
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« sTatm “ S" 

NASA Contract NAS 8-20661, 16 December 1966. 

Ror«c'sI™l'rjra7dT‘' *1’“"““'°" “ ^P«V Admi„Mrator 

Hie • j ’ Associate Deputy Administrator Willis H Shanlev 

discussions turned to the contributory role of the AAP tn .n imac a r 

sudoa. Muah had ,o ba learned fro„ MP Wot aalv olTf ?" 

f:~f ‘7 

Ge!teTM„XTr’ 7’''' f»r Manned Space Flight 

g E. Mueller had said was a major justification for AAP^ ^pamon «; ° j 

bmttnfzr -h7CLtrn7d"Tp:^ 

r, i- ’ j • • , would provide sufficient information on which to base future 

tnn.acleLce,eJ„7:7^^^^^^^^ 

that ® interest existed in manned astronomical work and 

to perfo™ Sghrt^nZri”"” 

Memorandum for record, T. E Tenkins NARa h,, «a • 

Discussion, Manned Space Station XZ p . ^ Signi6cant 

on December 19, 1966,’* 22 December 1966^^^” ^ Seamans and Mr. Shapley 


1966 

D*c«mb«r 

16 

19 


SOLAR ARRAY 
M FIXED WINGS) 



MAPfiNG AND 

SURVeV SYSTEM 
eSM {MASS) 



^ IlM/ATM, 

George E. Mueller wrote MSC Director Robert R. Gilruth and MSPr n.v. f 

Wemher von Braun advising them of a joint MSC Hn mFsH- i • • ^ 
inff ^ ^ ^ ^ medical position regard- 

■hop. Uh medicT;:trrZ“^^^^ 

or ““r " ’ 

newtons per s, m (5 psia). (One-hnodreipercent o'Ctt'Xr^'nitdl: 
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spaccsuiud W op.ra.ion and 

elicited Iron, the Crnlor DirtCor. comment on <hc engine g 
operational techniqnes ol the Workshop Mmon. 

Lelirr, Ore.. E. Ma.Urr, NASA H,, .. Rob« «■ Gilru.h ."d W.mhrr v» B»an, 

22 December 1966. 

lUtiP announced a reorganization of the Apollo Applications Program Oflke at 
Hou«. Ke, assignment were R. F. 

TeroAa’JorO^« M^nVi »"<• «' «• E'»”. °®“ 

Manager. 

i-. A i»ment 66-184 "Organization and Personnel Assignments of the Ap 

MSC Announcement bb io*t, '-'‘k 
A ppUc=tions Program Office ” 22 December >966. 

,1 m tr. the Associ.ate Administrator for Manned Space Right, 
Geo‘rgrE”Xt: Slm/Apollo Applications Deputy Director John H. Dnher 
posed a number of AAP issues needing resolution: 

(1) Should AAP be portrayed as an “open-ended” prograni m should the 
agency identily a certain goal or activity as markmg compleuo . 

(2) Should AAP include agree upon the 

“set” -toroid de.cc.Jsa.eUi.es (an espetimen. given high pHortty 
by the Office ol Adv.,nred Research and T«1>"°W ^p^p 

(4) Reprdiug the Mitmn „„„i„ i„ obiectives esisted be- 

Earth-orbital missions for . , r ^ n 9RV> detrrec-inclination orbit) 

^eureumulmoduleslromprevr— 

versus the goal of conducing . • dcurccs) The priorities of orbital 

qnired higher orbtutl ^ Dished told Mueller. 

(5) In light of evident program iLar 

done about the lunar exploration part of AAP (shelter taxi g 

module, etc.)? 

A lew dap later. Disher ptued some additional questioa, lor Mueller to eonsider: 

(1) Should Headquartent urge the Centers to make stronger efforts in the 

area ol comperitive procurement of ,hc systems engineering 

(2) What should the long-term policy be regarding me sy t, 

role of Bcllcomm, Inc., in AAP and advanced missions. 

o V MuMler “AAP Problems,” 23 December 

Dr. Mueller's Consideration,” 28 December 1966. 
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NAbA Hq officially promulgaied mission objectives of the AAP-1 and AAP-2 
flights. They were to conduct a low-altitude, low'-inclination Earth-orbital mission 
with a three-man crew for a maximum of 28 days using a spent S-IVB stage as 
an OWS; to provide for reactivation and reuse of the OWS for subsequent mis- 
sions within one year from initial launch; and to perform test operations with the 
lunar mapping and survey system in Earth orbit. 

NASA Hq, S.AA Directive No. 3 A, 30 December 1966. 


John H. Disher, Deputy Director of Saturn Apollo Applications, established spe- 
cific design criteria for the OWS mission. These criteria required MSEC to pro- 
ceed with the design of the MDA and the integration of experiments into it for 
launch stowage. It also required MSEC to perform systems engineering analyses 
on the OWS ensuring its compatibility with the baseline configuration of the 
MDA. MSC was required to take action necessary for integration of government- 
furnished solar cells into the MDA and to examine the rechargeable battery 
capacity required for independent operation from the CSM. 

Letter, John H. Disher to R. F. Thompson, MSC, and L. F. Bclew, MSFC, “Orbital 
Workshop Configuration for 1968 1969 AAP Missions,” 4 January 1967. 

A Science and Applications Directorate wjis established at MSC to plan and 
implement MSC programs in space science and applications, act as the MSC 
focal point in these programs, and provide the Center’s point of contact with the 
scientific community. F^slablishment of the Science and Application Directorate 
reflected the growing significance and responsibilities of MSC in these areas. The 
position of Director for the new organization was not filled at this time. Wilmot 
N. Hess was later named Director; Robert O. Piland, Deputy Director. 

MSC Announcement 67- 7, 10 January 1967; MSC Annminrcincnt 67-27, 17 February 
1967. 


MSC requested assistance from LaRC through use of the Langley full-scale ren- 
dezvous docking simulator to provide data for AAP docking requirements. It was 
anticipated that the docking of the lunar mapping and survey system to the OWS 
would partially obstruct the pilots’ view, and that the CSM payload configuration 
would have sluggish handling qualities in both translation and rotation. A study 
using the Langley full-scale rendezvous docking simulator would provide useful 
data for the AAP docking requirements. 

Letter, George M. Low. MSC, for R(»l)crt R. Gilmth, MSt::, to F. L. Thompson, 

LaRC, “Simulati(»n of .Apollo Applications Program docking,” 16 January 1967. 


At a NASA Hq briefing, Associate Administrator for Manned Space Flight George 
E. Mueller stated that NASA planned to form an ‘‘embryonic space station” in 
1988 69 l)v clustering four A.\P payloads launched at difTcrent times. The first 
mission would be tiic launch of a manned spacecraft followed several days later 
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1967 

Janugry 


27 


February 

1 


by a spent S-IVB stage converted into an OWS. After the two spacecraft had 
docked, the crew would enter the Workshop through an airlock. Twenty-eight 
days later they would passivate the OWS and return to Earth in their spacecraft. 
In three to six months, a second manned spacecraft would be launched on a 56- 
day mission to deliver a resupply module to the OWS and to rendezvous with an 
unmanned ATM, the fourth and last launch of the series. The cluster would be 
joined together using the multiple docking adapter. Emphasizing the importance 
of manning the ATM, Mueller said that “if there is one thing the scientihe com- 
munity is agreed on it is that when you want to have a major telescope instrument 
in space it needs to be manned.” 

NASA Apollo Applications Briefing, 26 January 1967. 


Apollo Spacecraft Program Manager Joseph F. Shea sent a flash report to NASA 
Hq: “During a simulated countdown for mission AS— 204 on January 27, 1967, 
an accident occurred in CM 012. This was a manned test with the prime astro- 
naut crew onboard. fire occurred inside the command module resulting in the 
death of the three astronauts [Virgil I. Grissom, Roger B. Chaffee, and Edward 
H. White, II] and as yet undetermined damage to the command and service 
modules.” (See also 24 May 1967 entry.) 

TWX, Joseph F. Shea to NASA Hq, Attn: Apollo Program Director, 28 January 

1967.’ 


Despite the fact that crew assignments for the ATM flight had not yet been made, 
Saturn/ Apollo Applications Program Director Charles W. Mathews recom- 
mended to MSC AAP Manager Robert F. Thompson that scientist astronauts 
who had been participating in the ATM program at Huntsville be given an op- 
poitunity to visit a number of leading astronomical observatories in the country. 
In this manner, Mathews said, potential crew members could derive a better 
understanding of the equipment being employed, operation techniques being used, 
and the nature and types of observations being made. 

Letter, Charles W. Mathews to Robert F. Thompson, “Apollo Telescope Mount (ATM) 
Scientist/ Astronauts’ Familiarization with Ground-Based Observatories,” 1 February 
1967. 


The AAP experiments program was divided into two primary phases of activity 
definition and development. During the definition phase, one of the major prob- 
lems was the selection and definition of high-quality experiments from which a 
well-rounded experiments program could be identified in time to effectively sup- 
port the planning of future missions and flight programs. Once the experiments 
were defined and approved for flight, the experiment passed into the development 
phase with somewhat different problems. During this second phase, such facets 
as program direction, resource rcquircm''nts, program status, and problems en- 
countered in experiment implementation were of primary concern. 
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NASA awarded Alli-s-rh,! 

-~:r ;: ^ 

^ASA News Release 67- -r. 

'967. Contract Set tor Fuel CpII p 

Fuel Cell Power System,- 2, Februaty 

A meeting at NAS 4 u 

Letter, Charles W. Mathexvs, NASA Ho f R k 
A fundamental principle of AAP n? 

ensure a contin.tm„ ^ exploration would he ^"ncipie, the cost 

» ,he „e« ^ "1““''; ““ "P"* "> 

generation of manned space 

Letters, Charles W 

6 App.,Wd i. M„„, 

terns safety. --- requirements, systems integmUo^X^^ 
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1967 

Morch 

15 


17 


20 


24 


24 


T,, NavM Re»a,ch Labo.a.o„ awarded 

(>rporation lor the production ^ production o( the High Altitude 

Prior subcontracts had been Harvard College Ob- 

Obrervatoryea^nnient on ll^nuo p^„,„p„o„t reaponaibility waa 

t^XLdZrcSdard space Fhght Center to MSFC. 

NRL Contract N00014-67-C-0470, 1 June 1967. 

Donald K. Slayton. MSC Director o, Flight Crew 

over the excessive number of expeninen as accomplishment of expert- 

perimenters had requested 672 man-hours g 243 inflight 

ments, where only 429 man-hout. premission experiment training, 

man-hours. The same problem w^ ^^p,-„ent 

Experimenters were requesting 485 hou^ p 285 

training, where only 200 hours per man were available, g 

hours per man. 

M„d„, Dunaid K. SI.™ ~ 

Mission ‘A’ experimenU, 17 March 1 

MSFC awarded Bendix Corporation 

ol the ATM pointing control sjatem. The con 1 V ^ raaximum 

ro paint a tele^ope « tlrW A^rica^ Vc»l Company a 

t«et ro wi a dynamic simulator tor use in developing the pointing control 
system. 

NASA N,» Rel»c 67-66, “BeMlh Aw„d.d ATM P^t-OontuS S,ttm, Cueuaet,- 
20 March 1967. 

In rmponse to AAP Assistant Manager 

nical support tor AAP trom fisting po ■ j^a^achusetts Institute ot 

Guidance and Control D v«on Apollo guidance 

Technology Instrument the suLility ol the 

and navigation system, be giv * rM*rfnrm the AAP missions. Since this 

Apollo guidance and ° { AAP planning,” Chilton recom- 

task was of “prime importance at this stage or a/vi f 

mended that it have “immediate priority. 

Memorandum. Robert G. ChiUon. ^SC «o 

ApplicatioTS Program (AAP) design analysis task for Mil/ , 

In accordance with ^-ign " 

several days earlier, AA ircctor po^cr system. Because of in- 
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able laboratory ^lar cell arrays were added to each side of the S-IVB stage to 
provide most of the electrical power used during AAP cluster operation (Before 
design shi t the CSM’s fuel cells had been considered the primary source o 

K. C. Hock, KSC, Electrical Power Supply for S-IVB Workshop." 24 March 1967. 

NASA Stated that the purposes of Apollo Applications missions 3 and 4 were to 

• Increase mean’s knowledge of the characteristics of the Sun by conducting 
solar asfronomy observations in space during a time of maximum sLr acUvity 

manned T r"" of the performance characteristics of a 

to the d r ‘o P'-ovide engineering and scientific data essential 

o the development of advanced orbital solar and stellar observation systems 
Demonstrate feasibility of ^ 

for»vi!} "■“““<>'<< i" Earth orbit 

(2) Rooting the OWS as a base of operations for the conduct of experi- 
meHicine. applications, technology, engineering, and 

• Qualify man, evaluate his support requirements, and determine human 
as performance capabilities on long-duration manned space flight missions. 

AAP Directive No. 5, 27 March 1967. 

Technicians froni MSC’s Landing and Recovery Division conducted demonstra- 
ons of land-landing at Ft. Hood, Texas, on 6, 11, and 12 April. The demon- 

u ^'•^anced system to provide a 

j !i Applications Program, an improved launch 

abort situaUon, and reduced horizontal velocities for water landings*. 

System Oper.- 

Ol--tions. requested that the 
proposed T^20 Jet Shoes experiment be removed from all AAP flights. The 

siall th°”t experiment was an astronaut maneuvering system consisting of two 
smaU thrusters mounted one beneath each foot and oriented so that the thrust 
^OR passed close to the center of body mass with legs and feet in a comfortable 

Dunng January, an engineering development model of the "Jet Shoes” was tested 
by severjU astronauts on the MSG air bearing facility in cooperaL i^tT^" 
Principal Invesugator. Although the tests by the astronauts were shirt-sleeve runs" 
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an LaRC test pilot 

1: — “• 

tremcly poor visibility. 

An AAP sch^lule. Sald.*w" “hT Con^nsm «» 

quarts’ Dircetota «as hdd on 31 Ma 

'^;e^:dt"tA“”o*« Wo;Uahop opeaauons) «aa .aliadc 

, X, u .. NASA Hq to M/Associatc Administrator for Manned 
Memorandum, C. W. Mathew , ^ jgg^ 

Space Flight. “Schedule As«:ssment of AAF 1 . 

j . ma<;A.KSC bv Grumman Aircraft Engi- 

An inlormal p, mentation w« ijq,ating contractor lor the 

n«ring corporation iplcx 37 (LC-37) lor tJ 

hardware and lacility modifica . on pha ,he work and 

w>v.oc<a« nf AAP activities on LL.-0/. i‘ 

LheXte confronting NASA at LC-37 for the AAP. 

X .• ,„a E T Barron, Grumman, to G. M. Skurla, KSC 

13 April 1967n 

U m t MSEC to review the S-IVB stage for acceptability as a 
A meeting was held at MSP . attended. A presentation on 

habitable vehicle. Personnel from MSC a aluminum 

the flammability testing of bqu yd ncl. During the course of 

of the S-IVB. 

Ml»n. o. MSCrMkrC s.,«m S-.V. H-hluhllU, hwlew, Apd, .«1- 

NASA awarded contracts to Desig- 

month parallel .todies ol a medw.M 'a!”™ measurement svstem, the 

nated the integrated medieal and beh^ '"SV- 

measurement instruments on specific missions. 

NASA New. Relea«i 67-102. “Apollo Application Studies Set.” 27 Apnl 1967. 

The McDonnell Company and I^uglm Aircral. Company merged to lorm 
McDonnell Douglas Corporation. 
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Telecon, R. Newkirk, HSCG, with F. Morgan, McDonnell Douglas, 15 October 1974. 


Both MSFC and MSC recognized the existence of a potential interference of con- 
taminant materials in the vicinity of manned spacecraft with the optical equip- 
ment on the ATM. It was also recognized that certain building materials that 
might create contaminate problems needed to be avoided in the ATM structure. 
A considerable activity concerning this contamination problem had already de- 
veloped at MSFC, MSC, NASA OSSA, some contractor plants, and the ATM 
Piincipal Investigators. 

Letters, Wernher von Braun, MSFC, to Robert R. Gilruth, MSC, 8 March 1967; 

Robert R. Gihvith to Wernher von Braun, 1 May 1967. 


A preliminary design review was conducted at MSFC during 2-10 May 1967 to 
evaluate the basic design approach of the MSFC/MSC/ McDonnell Douglas 
team relative to the spent-stage aspects of the Orbital Workshop project. Purpose 
of the review was to define a baseline design on as many subsystems as possible 
and to define steps leading to a baseline on the remaining subsystems. 

Letter, Chairman, Orbital Workshop Preliminary Design Review to Dist., “Minutes of 
Orbital Workshop (OWS) Preliminary Design Review (PDR) During May 2-10, 1967, 
at MSFC,*’ 24 May 1967. 

Confidence in any selected course of action in committing man to the space ve- 
hicle environment had grown slowly, based on actual experience. In this respect 
NASA had followed the philosophy of incremental exposure, generally doubling 
the duration of successive manned missions as long as no unforeseen medical prob- 
lems were encountered in crews returning from space flight. This enabled NASA 
to acquire biomedical information from which to begin formulation of general 
statements about the effects of the space flight environment on human physiology. 

Memoranda, J. Bollerud, NASA Hq, to C. W. Mathews, NASA Hq, “Preliminary 
Ideas Regarding Rotation of Crews in AAP Missions,’* 10 January 1967; C. W. 
Mathews to J. Bollerud, “Crew Rotation in AAP Missions,” 2 March 1967; A. D. 
Oatterson, MSC, ^o Julian West, MSC, “Crew Rotation for Long Duration Manned 
Space Flight,” 4 May 1967. 


Some significam features cf a revised Apollo and AAP-integrated program plan 
were: CSM would be available to support the first four AAP bunches; AAP-1/ 
AAP-2 in early 1969 were to accomplish OWS objectives; AAP~2l/AAP~'4 in 
mid- 1 969 were to accomplish the 56-day ATM objectives in conjunction with 
reuse of the OWS. Two additional AAP flights were planned for 1969 to revisit 
the OWS and the ATM using refurbished command modules flown initially on 
Earth-orbit Apollo flights in 1968. AAP missions planned for low Earth orbit 
during 1970 would utilize two dual launches (one manned CSM and one un- 
manned experiment module per dual launch) and two single-launch, long-duration 
CSM to establish and maintain near-continuous operation of the OWS cluster 
and a second ATM. 
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Memorandum, George E. Mueller, NASA Hq, to Deputy Administrator, “Revised 
Apollo and AAP Integrated Program Plan,” 5 May 1967. 


Grumman Aircraft Engineering Corporation presented to the MSC AAP Office a 
preliminary statement of work and cost proposal for developing the LM as an 
ATM for the AAP-4 mission. The AAP staff then began reviewing the proposal 
which described the work necessar>- to develop the final LM-ATM spacecraft 
configuration, 

MSC, “AAPO Weekly Activity Report/’ 10 May 1967. 


Required changes in the Apollo Applications Program flight schedules resulted 
in plans for the Earth-orbital test of the lunar mapping and scientific survey 
(LM&SS) as part of a single launch mission unrelated to the Orbital Workshop. 
The mission would have the primary objective of conducting manned experi- 
ments in space sciences and advanced technology and engineering, including 
the Earth-orbital simulation of LM&SS lunar operations. The LM&SS would 
be jettisoned after completing its Earth-orbital test. Planned launch date for the 
mission was 15 September 1968. 


Letter, C. W. Mathews, NASA Hq, to R. F. Thompson, MSC, “Earth Orbitol Test of 
LM&SS,” 8 May 1967. 


The AAP Office (NASA Hq) was preparing a draft task definition for a pro- 
posed command module modification contract. It would include primary and 
alternate locations for work; proposed interface of the modification contractor 
with North American; timing of the work effort; and definition of the work 
to be performed. Purpose of the proposed contract was to modify and refurbish 
Apollo hardware for AAP. 

Memorandum for record, J. R. Biggs, NASA Hq, “Apollo Procurement, Program, and 

Organization Action Items,” 11 May 1967. 

Release of a staff paper by J. Bollerud and C. Berry recommending a 35-kilo- 
newtons-per-sq-m 69-percent-oxygen, 31 -percent-nitrogen, shirt-sleeve atmosphere 
in the OWS initiated a discussion as to its impact on engineering design and 
operational plans, as well as the physioLgical response of test subjects to a one- 
gas (pure oxygen) system over extended periods of time. The consensus was 
that the 35-kilonewton (5 psia) oxygen-nitrogen for the OWS would best serve 
the needs of the OWS Earth-orbiting program. 


Letters, George E. Mueller, NASA Hq, to Wernher von Braun, MSFC, 22 December 
1966; Robert R. Gilruth, MSC, to George E. Mueller, 12 May 1967; memoranda, 
p. R. Hagner, Bellcomm, to John H. Diihcr, NASA Hq, “Commentt on Draft Itr. 
from W. von Braun to G. E. Mueller re two-gas atmosphere in the S-IVB Workshop,” 
24 January 1967; E. Z. Gray, NASA Hq, to Deputy Associate Administrator (Pro- 
grams), “Two-Gas Systems.” 2 February 1967; J. Bollerud, NASA Hq, and C. Beny, 
MSC, staff paper, “Two-Gas Atmospheres for Prolonged Manned Space Missions in 
the S-IVB Workshop,” December 1966. 
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Guidelines and a set of minimum requirements to be met by each Center in 
establishing their configuration management systems for AAP were prescribed 
by NASA Hq. Configuration management systems would be progressively ap- 
plied as individual projects matured. Once documentation such as a program 
or project baseline description had been officially issued, or documentation 
approved at formal design reviews such as a preliminary design review or ciitical 
design review, changes to such documentation would require formal approval 
through configuration management procedures, thereby establishing full con- 
figuration control at the critical design review. 

Letters, C. W. Mathews, NASA Hq, to R. F. Thompson, MSC, L. F. Belew, MSFC, 
and R. C. Hock, KSC, “Documentation of Configuration of Hardware at Time of 
Turnover to AAP from Apollo,” 13 March 1967; C. W. Mathews to R. F. Thomp- 
son, L. F. Belew, and R. C. Hock, “Configuration Management,” 15 May 1967. 

Flight training hardware, identical in configuration to the flight hardware 
except that it need not be flight qualified, was required for training purposes. 
The training hardware consisted of those components of experiment hardware 
that required manipulation, handling, observation, or other usage by astronauts 
during flight. Neutral buoyancy training hardware was also required for under- 
water zero-g simulation training. 

Letter, R. F. Thompson, MSC, to L. F. Belew, MSFC, ct al., “Experiment training 
hardware requirements,” 23 May 1967. 

The ATM would offer a unique combination of several important advantages 
over previous manned orbital astronomical experiments, ground-based observa- 
tories, and unmanned orbital observatories. It would be the first U.S. manned 
mission with a primary goal of recovering scientific data. The ability to observe 
the Sun in previously inaccessible but important regions of the electromagnetic 
spectrum, to observe the details on the solar disk and in the corona for nearly 
two solar rotations, and to react rapidly to unpredictable and unexpected occur- 

An early version of the Apollo 
telescope mount. 
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Jun« 
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Fences with instruments of high data acquisition capabilities would be an un- 
precedented combination of opportunities available only to the crewman operat- 
ing the ATM. However, it was essential to recognize tliat the crewman’s ability 
to ohserve, exercise judgment, and efficiently conduc t the routine experiment 
tasks, as well as to rapidly respond to unpredictable phenomena would be con- 
tingent upon the existence of displays in the proper wavelength reg»"ns with 
sufficient resolution to observe the important features on the solar disk. Also 
necessary would be controls which would combine simplicity and versatility to 
facilitate equipment setup for data acquisition. 

Letter, D. K. Slayton, MSG, to R. F. Thompson, MSG, “Flight Grew Operations 
Directorate Requirements and Philosophy on ATM Displays and Controls,” 24 May 
1967. 

Because of the Apollo 204 accident in January and the resulting program delays, 
NASA realigned its Apollo and AAP launch schedules. The new AAP schedule 
called for 25 Saturn IB and 14 Saturn V launches. Major hardware for these 
launches would be two Workshops flown on Saturn IB vehicles, two Saturn V 
Workshops, and three ATMs. Under this new schedule, the first Workshop 
launch would come in January 1969. 

NASA Hq Schedule, 24 May 1967. 

NASA announced that LaRC had selected Northrop Ventura Company to 
negotiate a contract to conduct a research program (including flight tests) of 
a flexible parawing for potential use in manned spacecraft landing systems. 
Northrop Ventura would evaluate the suitability of using a parawing (instead 
of conventional parachutes) to allow controlled descent in a shallow glide and 
thus offer wide flexibility in choosing a touchdown point, as well as provide a 
soft landing impact. The parawing would be evaluated for possible use on the 
Apollo Applications Program during the early 1970s to achieve a true land- 
landing mission capability. 

NASA News Release 67 134, “NASA Contracts for Parawing Test Program,” 29 May 
1967. 


A status review of the studies being conducted by North American Aviation on 
the AAP command and service modules’ electrical power system was held at 
MSG. It was agreed that North American Aviation should pursue a two- 
regulator power control and regulation configuration and redundant battery 
changer configuration. The baseline fuel cell for AAP-1 would 31-ccll, 
ccria-coatcd, cobalt-activatcd fuel cells. 

MSG, “AAPO Weekly Activity Report,** 31 Mry 1967. 

The Apollo Applications missions were designed to build upon the base of flight 
experience, ground facilities, ard trained manpower developed in past programs. 
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Each mission was dcsiencd to tnlc«> full * 

to make significant contributions to a wide^ra^^^ °t Saturn system 

planned ,o gain enpcnenca. ... .haory, pa.fo™ 

»p,„d 

Pnncipal objectives of the AAP were the de ^ missions, 

capability to determine the usefulness of m-, extended flight 

astronomical observations from a„(j ^P^ce, the conduct of manned 

flight tlirough hardware reuse anrio ’g-duration^^^^ 

OMSF-NASA. Apono AppF«,u.„. ^ 

During an informal discussion held in the r 

the A.AP Office recommended that stenc h f l ° ^ Deputy Administrator, 

refurbishment contractor to eneaee in t t A ^r ^ modification and 

task requirenKaiB. The s.udy wLd enlle^NAM "'“fPiskmen. 

of following a .nodificion and nrf„rt,i,hn,e„r™fe Ltk'™'"' 

«■■■ ■>"' f. l»f. ™.in, „ 

MSC, MSFc! andMcD^Xr TsT Ca^^TltrTh 

ments for compatibility A^ second meef ^ I ° '* 

-lew MSC. MSFC. and Md^nnel, " 

% . 


MSC, “AAPO Weekly Activity Report,” 14 June 1967. 


foraseparate “cimmanfan^^^^^^^ ^ adoptee 

creale a very dilScnI. operadonal envinanm-irMr'T'' 

see how KSC could have two seoarite e t ’ ^ ^ diificult t( 

out substantially the same kind of st4e ^heckinj 

when the schedule would require sim.iltnn,. ^ equipment 

sequential activity by both contractor in or at least intermittent 

coping wi.h .he'h.d4^ ofccafy 

of six Apollo contractors preparinir sen-i common facilities, the work 

checkout equipment. A most serious nrohT ^ separately assigned 

ongoing mainline Apollo operadon., rre.,.ed Z al'X'rf 

attempting to familiarize himself with firilitiL ^ ^ contractor 

the same timeframe as the most critical Apollo ‘miXns'"'"^’ P'-°“flores in 

Letter, Kurt H. Debus . Oe„.-ge E. Mueller, NASA Hq, 6 June 1967. 
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At an American Institute of Aeronautics and Astronautics meeting in Wash- 
ington, Associate Administrator for Manned Space Flight George E. Mueller 
outlined a number of innovations in AAP to achieve reductions in the unit cost 
of future space missions; (1) reuse of command modules; (2) land landing, 
which would greatly facilitate such spacecraft reuse; (3) “double use” of the 
S-IVB as both a propulsive stage and an OWS once in orbit; (4) repeated use 
of the OWS during a scries of missions; (5) flights of increasingly longer duration 
(approaching perhaps a year or more) ; and employment of existing Apollo 
flight hardware, physical facilities, management expertise, and industrial orga- 
nizations once they became available. Thus, said Mueller, AAP would evaluate 
man’s usefulness in space at a relatively low cost, and that measurement would 
be “obtained by doing useful things — astronomical observation, extended explora- 
tion of the moon and experiments with sensing equipment that can lead to 
benefits of enormous significance to all mankind. ’ 


Astronautics and Aeronautics, 1967, p. 178. 


The purposes of the AAP-1 /AAP-2 mission were (1) to conduct a low-altitude, 
low-inclination, Earth-orbital mission with a crew ot three men, open ended 
to 28 day.s’ duration, using a spent S-IVB stage as an OWS; (2) to provide for 
reactivation and reuse of the OWS during subsequent missions occurring up to 
1 year later; (3) to conduct inflight experiments in the areas of science, appli- 
cations, technology, engineering, and medicine; and (4) to qualify man, evaluate 
his support requirements, and determine human task performance capability on 
long-duration manned space flight missions. 

Objectives of the mission were to (1) demonstrate rendezvous and hard docking 
of the command and service modules to the multiple docking adapter; (2) deter- 
mine the feasibility of operating the OWS as a habitable space structure for an 
extended period; and (3) obtain data to evaluate sp;ice flight environmental 
effects on the crew of a inksion duration of 28 days. 

AAP Directive No 3B, "Flight Mission Directive for Mission AAP-l/AAP-2,” 19 

June 1967. 

MSFC and MSC representatives met with Principal Investigators at MSC where 
detailed briefings on the ATM were held. This w'as the final briefing of a scries 
on ATM systems and experiments. 

MSC, *‘AAPO Weekly Activity Report,” 28 June 1967. 


Both North American and CJmmnuin were out of funds on Apollo Applications 
Program contracts. Procurement plans for follow-on cfTort with both contractors 
were in Headquarters for approval. North American was limiting it.^ effort to 
AAP-1 and AAP 2. No work peculiar to AAP 3 and AAP- 4 was being 
accomplished. Grumman was continuing operations using its own funds. 
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MSC, “AAPO Weekly Activity Report,” 21 June 1967. 1967 

Jum 

Donald K. Slayton and Christopher C. Kraft, Jr., of MSC stated that it was 
mandatory, in their opinion, to launch tl.e unmanned vehicle first in the ** 

AAP-l/AAP-2 mission. Reasons cited were the following: 

• If the unmanned vehicle failed to achieve orbit or could not be made 
to function once in orbit, the CSM would not be launched as planned. This 
would eliminate subjecting the flight crew to the potentially hazardous conditions 
of booster-powered flight, service propulsion system circularization burn, retrofire, 
reentry, landing, and recovery. It would also save cost", since the CSM could 
be used for another mission. 

• Operationally, it would be more feasible to ascertain that an unknown 
configuration could withstand a launch phase than to commit a proven space 
vehicle without this knowledge. 

Memorandum, C. C. Kraft, Jr., and D. K. Slayton to R. F. Thompson, MSC, ‘‘Un- 
manned versus manned launch sequence for A-\P mission 1/2,” 28 June 1967. 

Prenegotiation factfinding sessions with Grumman were completed at MSC. ^0 

Agreement was reached on the statement of work for the final definition (phase 
C) of the LM for the first LM/ATM mission and continued definition study 
(phase B) for utilization of the LM. Grumman cost proposals were discussed 
from the manning aspect only. Dollar figure discussion was delayed pending veri- 
fication of bid rates. 

MSC, “AAPO Weekly Activity Report,” 5 July 1967, 

MSC established an Apollo Applications Program Mission Design Information 
Group within the Mission Planning and Analysis Division. Function of the new ^ 

group was to establish mission planning information requirements, acquire the 
necessary information, and integrate and publish the information in support of 
mission planning milestones. Data categories included such items as configuration, 
propulsion, aerodynamics, sequences of events inherent in spacecraft design, con- 
sumables, electrical power, environmental control, communications, thrust vector 
control, guidance and navigation, and mass properties. 

MSC Announcement 67-101, ‘‘Apollo Applications Program Mission Design Informa- 
tion Group,” 3 July 1967. 

MSFC and MSC personnel met at MSC to resolve action items from a Head- * 

quarters test meeting held on 30 March. The action items involved the LM/ATM 
thermal vacuum test program. General agreement was reached on test configura- 
tion, with MSC supporting the MSFC position that a thermal vacuum test was 
necessary on the ATM flight unit. MSC agreed to conduct a chamber contami- 
nation test with jointly agreed upon procedures. 
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MSC, "AAPO Weekly Activity Report,” 5 July 1967. 

♦u ATTVyi nroiect crcutcd the necessity for con 
[nereased activity and interest in ^ j Manned Space Flight, 

ducting ATM monthly project --ws «njhe^^« o 

current problems, and actions taken. 

U MARA Ha to R F. Thompson, MSC. “Apollo Telescope 
C W. Mathews, NASA Hq, to iv,. r 

Mouni Monthly Project Review,” 11 July 1967. 

Kv MSC representatives with Lockheed and Martin were 
Detailed dlscu^ona by MSC ^ 

completed on the planned AA . Discussions had begun on 27 

were to be accomplbhed during the neat TO da^- „ mSFC for 

June. A common »ori: planned with both eon- 

“ t*rrm 1 MSC engineering and operation orgnnlrarion. 

MSC, “AAPO Weekly Activity Report,” 12 July 1967. 

A factfinding tour of NASA’s Jrf an^top members of the 

June by Deputy Administrator o • g^aJuation of the program roles 

Administrator’s immediate staff pro ucc ming Apollo accomplishments 

and workloads of rite I„V<i «o AAP, strfl 

and transition to other manned p< g P 8 ^ stretched out to 

members feasibility ol including E«th- 

reduce costs, and that the agents h -nacccraft. In part, study of 

technology; and experiment requirements at MSC. 

July 1967. 

An ad hoc committee formed to ^ [eeme^ was reached on 

rr 

the proposed tc.st flow of the combined vehicle. 

MSC. “AAPO Weekly Activity Report,” 2 August 1967. 

NASA selected the Martin Mid cx|Kriments 

a 27.mo„tb contmet for paytad ^ „„rk of rite contrttcmr 

snopott equipment in space vehicles lor the AAP. 
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involved the OWS and ATM at MSFC; meteorological and Earth resources pay- 
^K<tr integration planning and support for launch operaUons 


NASA News Release 67-199, “Contract Set With Martin Co. for AAP,” 26 July 
1967; memoranda L. W. Vogel. NASA Hq. to Associate Adminisfator for Manned 
Space Flight, Selection of Contractor to Accomplish Apolio Applications Program 
Payload Integration (Phase D),“ 27 July 1967; G. E. Mueller. NASA Ho, to Deputy 
Administrator, AAP Payload Integration Contractor Selection,” 18 July 1967. 


NASA Administrator James E. Webb testified on the NASA FY 1968 authorize - 
non bill before the Senate Committee on Appropriations’ Subcommittee on 
Independent Offices. Asked by Sen. Spessard Holland (D-Fla.) to make a choice 
^tween a substantial cut in funding for the Apollo Applications Program and the 
Voyager program, Webb replied that both were vital to the U.S. space effort. 
The Apollo Application is a small inve.stment to expend on something you 
have already spent $15 billion to get and it .seems to me that this is important 

On the other hand, the United States, if it retire' from the exploration of the 
planeta^ field, m my view, . . . [will face] the most serious consequences be- 
cause the Radians are going to be moving out there and our knowledge of the 
forces that exist in the Solar System can affect the Earth and can be used for 
many purposes to serve mankind or for military power . . . .” Criticized by 
Sen. Holland for refusing to make a choice, Wto'b .said he did not want “to give 

aid and comfort to anyone to cut out a program. I think it is essential that we 
do them both.” 


U.S. Congress, Senate, Subcommittee of the Committee on Appropriations, National 
Aeronaulicj «n</ Administration Appropriations for Fiscal Year 1968: Hearings 
on H.R. 12474, 90th Cong., 1st scss., 1967, pp. 76-77. ^ 


NASA awarded The Boeing Company a contract for long-lead-time materials 
(such^ propellant ducts and fuel tank components) for two additional Saturn 
s. Th^ contract marked the first Saturn V procurement in support of Apollo 
Applications Program. 
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NASA News Release 67-200, “NASA Orders 2 Saturn Vs for Post-Apollo," 26 July 


MSFC effected a reorganization to meet the needs of systems engineering and 
integration for AAP. A Systems Engineering Office was established as an integral 
part of the AAP Office, with responsibility for all AAP systems engineering. In 
a dition, the central Research and Development Systems Engineering Office was 
.strengthened to provide a focal point for the concentration of systems engineering 
in support of all assigned programs. 

Letters, George E. Mueller, NASA Hq, to Wernher von Braun, MSFC, 30 June 1967- 
Wernhrr von Braun to George E. Mueller, 27 July 1967. ’ 
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NASA extended its Science and Technology Advisory Committee for Manned 
Space Flight for two more years. Purpose of the committee was to advise the 
Associate Administrator for Manned Space Flight on the scientific and technical 
content of manned space flight programs and on methods for obtaining maximum 
use of the scientific and engineering talents and knowledge r'^quired for the suc- 
cess of the manned space flight program. 

NASA News Release S7— 202, **Manned Science Group to Serve Two More Years/* 

27 July 1067. 


At a design meeting in Huntsville, designers decided to incorporate the Orbital 
Workshop’s two noors into one common grated floor in the crew quarters to 
save weight. This concept calied for the crew quarters to be on one ade of the 
floor and a large open area on the opposite side permitting intravehicular activity 
in the hydrogen tank dome. 

MSFC> Orbital Workshop Status Meeting minutes, 28 July 1967. 

NASA’s Offi( ' of Manned Space Flight and Office of Advanced Research and 
Technology were engaged in a cooperative program to develop the technology of 
flexible wings for spacecraft recovery. The technology was expected to have 
broad applicability in the ApoUo Applications Program, as well as follow-on 
manned space flight programs. The principal technology effort would concen- 
trate on parawing and sailwing configurations. LaRC would manage the para- 
wing technology program with support from MSC. The sailwing technology 
effort would be managed by MSC with L*\RC providing wind tunnel support. 

Memorandum of understanding, Charles W. Mathews, NASA Hq, and M. B. Ames, 

Jr., NASA Hq, *‘OMSF/OART Cooperative Parawing/ Sail wing Technology Pro- 
gra.n, * 28 July and 1 August 1967. 

Representatives of McDonnell Douglas and Grumman met with MSC personnel 
to discuss the feasibility of installing lunar module radar t»'ansponders on the air- 
lock module. Several problems were identified, but the concept appeared feasible. 
Problems involved the thermal and electrical power interface electronic package 
with the AM and the electromagnetic radiation pattern of the antenna. McDon- 
nell Douglas and Grumman were to work on the interface problems and MSC 
was to conduct pattern tests to identify and determine magnitude of the radar 
null zones. 

MSC, "AAPO Weekly Activity Report,” 9 August 1967. 


NASA decided to terminate all activity associated with the hardware and software 
procurement, development, and testing for the lunar mapping and sun'cy system. 
The purpose of the system wits to provide .site certification capability to the most 
scientifically interesting areas on the lunar surface for the AAP. 
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TWX, Charles W. Mathews, NASA Hq, to Robert F. Thompson, MSC, R. O. Piland, 

MSC, Leland F. Belew, MSFC, and R. C. Hock, KSC, 2 August 1967. 

NASA defined requirements and responsibilities to initiate the actions necessary 
for the execution of the AAP-IA mission. It defined the mission purpose, mission 
objectives, and Center responsibilities for implementation of the mission, as well 
as the general flight plan, configuration, and supporting ground test constraints. 

AAP Directive No. 6, “Flight Mission Directive For AAP-lA," 2 August 1967. 

Justifying the validity of the Apollo Applications Program (AAP), George E. 
Mueller discussed the development of AAP. In oudining some of the significant 
decisions and changes, Mueller showed that the evoluUon of the program plan 
had taken place in an orderly fashion, with the Centers participating in die plan- 
ning process. He stated that the program had progressed in spite of complicating 
factors such as the impact of the Apollo 204 accident and the adjustments re- 
quired by congressional funding. 

Memorandum, George E. Mueller, NASA Hq, to NASA Deputy Administrator Robert 
C. Seamans, Jr., 10 August 1967. 


The ATM required a closely controlled environment during manufacture, quality 
checkout, and flight checkout activities. To ensure the required control of clean- 
liness temperature, and humiditv, two buildings were required at MSFC— one 
for the manufacturing process, the other for quality checkout. An environmentally 
controlled area was also required at KSC for flight checkout of the ATM. 


Memoranda. E. H. Cagle, MSFC. to C. L. Dykes, MSFC, “Environ...entally Con- 
trolled Rooms for the .\TM,” 23 August 1967 ; E. H. Cagle to Dist., Minutes of 
MSFC/MSC ATM Thcnnal Vacuum Meeting,” 22 .August 1967. 


In a letter to Saturn Apollo Applications Director Charles W. Mathews, MSC s 
AAP Assistant Manager Robert F. Thompson presented Houston’s philosophy 
regarding major AAP reprogramming. Two factors, Thompson said, underlay 
the necessity for planning alterations: (1) the likelihood of funding cutbacks dur- 
ing 1968 and 1969 and (2) a clearer picture of how much Apollo hardware AAP 
might inherit, as Apollo reprogramming matured after the 204 accidc. Thomp- 
son then set forth MSC’s recommendations for the next pha.se of AAP plaiimng; 
a manned Earth-orbit. d mission during 1969; two manned flights of 28 and 56 
days using the OWS during 1970; a manned .AAP/ ATM flight during 1971; 
long-duration (two months to one year) manned flights during late 1971 and 
1972- and manned lunar missions (including surface operations) in the post- 
Apollo period. In defining the AAP missions, however. Thompson stressed that 
until the Apollo goal of landing on the Moon had been achieved, AAP must be 
looked on as an “alternate to’’ rather than an “addition to” the mam thrust of 
Apollo. It must be clear throughout the NASA manned space flight establishment 
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1967 that Apollo and AAP would not be overlapping programs and that AAP must 

not compete with or detract from the main Apollo design. 

Auyutt 

Letter, Robert F. Thompson to Charles W. Mathews, “Apollo Applications Program 

Planning,” 29 August 1967. 

During The first NASA/North American management meeting was held at Downey, 

**'• California. At the time, North American was placing major effort on the process- 

***’"**' ing of kit data packages. It was envisioned that a sufficient number of the kits 

would be processed to cover all AAP requirements. From these, selected ones 
would be utilized for a specific mission. 

History of the Apollo Applications Program, 1966 to September 1, 1968, pp. 2-12. 

s*pi*mb*r MSFC returned a McDonnell Douglas-built S-IVB Orbital Workshop mockup 

to the contractor’s Space Systems Center in Huntington Beach, California, for 
incorporation of a number of design changes. Foiiowing modification, the mock- 
up would represent the S-IVB stage as a manned space laboratory designed for 
use in the AAP. The design changes included relocation of a floor separating 
two sections of the stage’s liquid hydrogen tank, addition of a ceiling and otlier 
fixtures, and relocation of j:onie of the experiment stations. 

MSFC, Skylab Chronology y 1 January-31 December 1967, p. 71. 

5 During a manned space flight program review, AAP contractual actions were dis- 

cussed. It was pointed out that since June there had been no contractual coverage 
of the North American activity on AAP. It was also pointed out that the Grum- 
man activity on AAP had never been covered by contract and was being funded 
by Grumman in anticipation of contractual coverage. 

Memorandum, F. Magliato, NASA Hq, to Robert C. Seamans, Jr., NASA Hq, 

‘^Manned Space Flight Program Review,” 13 September 1967. 

20 Martin Marietta’s Denver Division completed a 60-day study on AAP Mission 

lA. The study defined hardware configuration and developed an approach for 
integrating NASA-designated experiments into AAP-IA. Objectives of the ex- 
periments and mission operations were to (!) perform an early evaluation of the 
operational feasibility of selected Earth resources, bioscientific, meteorology, and 
astronomy experiments; (2) verify the enhancement of experiments by the pres- 
ence of man for monitoring, controlling, and interpreting data obtained on orbit; 
(3) obtain operjiting experience with available hardware; and (4) extend experi- 
ment and mission coverage to 50 ^ latitude. The study showed how the mission 
objectives could be met. 

Martin Marietta Corp., Final Report, AAP Mission I A, 60-Day Study » 20 September 

1967. 
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AAP cluster experiments for S-IVB Orbital Workshop. 


An interface panel organization was established within the NASA Skylab Pro- 1967 

gram for defining, controlling, and resolving inter-Center problems. Among the s»pf#mb< 

panels established were mechanical, electrical, instrumentation and communica- 
tion, mission requirements, launch operation, test planning, and mission evalua- 
tion. Panels were responsible for identifying, resolving, and documenting technical 
problems in coordination of more than one Center. Panels would take necessary 
action regarding design, analysis, studies, and test and operations within the 
scope of their charters, to ensure technical compatibility for physical, environ- 
mental, functional, and procedural interfaces, 

Skylab Program Directive No. 7, 21 September 1967. 


North American Aviation, Inc*, and Rockwell-Standard Corporation merged as *2 

North American Rockwell Corporation. 

Telecon, R. Newkirk, HSCC, to Lyle Burt, Rockwell International, 15 October 1974. 

Thomas W. Morgan, USAF, was designated Apollo Applications Program Man- 
ager at KSC. Robert C. Hock, who had been Acting Manager since 10 January, 
became Deputy Manager in addition to his duties as Chief, Advanced Programs 
Office. 

Announcement, KSC to Dist., “Morgan Named Apollo Applications Program Mana- 
ger,** 29 September 1967. 
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NASA Deputy Administrator Robert C. Seamans, Jr., resigned. He had joined 
NASA in September 1960 as an Associate Administrator. In December 1965 he 
had been appointed Deputy Administrator of NASA by President Lyndon B. 
Johnson. His resignation would become effective 1 January 1968. 

NASA News Release 67-257, “Dr. Seamans’ Resignation Announced,” 2 October 
1967. 

NASA Hq issued a revised AAP schedule incorporating recent budgetary cut- 
backs. The schedule reflected the reduction of AAP lunar activity to four mis- 
sions and of Saturn V Workshop activity to 17 Saturn IB and 7 Saturn V 
launches. There would be two Workshops launched on Saturn IBs, one Saturn V 
Workshop, and three ATMs. Launch of the first Workshop was scheduled for 
March 1970. 

NASA Hq Schedule, 3 October 1967. 

NASA selected Bendix Corporation for negotiation of a contract for design and 
development of long-duration cryogenic gas storage tanks for use in the first 
56-day AAP flight. The contract was expected to require 18 months for 
completion. 

MSC News Release 67-64, 20 October 1967, 

NASA requested that a joint MSFC/MSC document be prepared identifying 
each potential crew safety hazard, the successful resolution of these hazards, and 
test result documentation supporting the resolutions. The effort would include 
the crew safety/health hazards associated with flammability, micrometeoroid 
penetration, outgassing, and passivation, and would consider propellant, insula- 
tion liner, crew quarters thermal curtain, and other nonmetallic material impli- 
cations. Since crew safety wiis fundamental to the design of the OWS, the 
document would be required prior to the OWS preliminary^ design review. 

Letter, Charles W. Mathews, NASA Hq, to Leland F. Belew, MSFC, and Robert F. 
Thompson, MSC, ^‘Orbital Workshop— Crew Safety Aspects Request for Joint Ac- 
tions,*' 20 October 1967. 


Minuteman strap-ons for the Saturn IB were canceled as part of the AAP. The 
studies for AAP on the feasibility of the Minuteman strap-ons were terminated. 

TWX, Charles W. Mathews, NASA Hq, to Leland F. Belew, MSFC, Thomas W. 
Morgan, KSC, and Robert F. Thompson, MSC, “Minuteman Strap-ons For the 
Saturn IB," 23 October 1967. 


An active cooling .system (fluid circulation) w;is incorporated into the ATM 
thermal system to meet temperature control requirements. 


Memorandum for record, R. Ise, MSFC, 3 November 1967. 
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At KSC, Apollo Applications Program Manager Thomas W. Morgan requested 
that key personnel in each KSC Directorate participate in design reviews to ensure 
operational suitability of AAP hardware in the KSC environment, to plan for 
prelaunch testing of AAP-pcculiar hardware and experiments, and to provide 
general KSC support to AAP. 

Memoranduin, Thomas W. Morgan to Dist., 31 October 1967. 

A NASA Resident Management Office was established as an extension of both 
MS PC and MSC at Martin Marietta, Denver Division, to serve as a central 
point of contact to both Martin Marietta and the Air Force Plant Representative 
on matters involving the Apollo Applications Program, with immediate emphasis 
on payload integrations. In addition, it would serve as a focal point for visitor 
coordination exchange of information and matters of mutual interest to NASA 
and Martin Marietta. 

Letters, Wernher von Braun, MSFC, and Robert R. Gilruth, MSC, to J. D. Rauth, 
Martin Marietta, 15 November 1967; H. H. Gorman, MSFC, and W. L. Hjomcvik, 
MSC, to F. F. Swan, USAF, 13 November 1967. 

Representatives from MSC, MSFC, and Grumman met at Huntsville to discuss 
the LM/ATM testing to be performed at KSC. Purpose of the meeting was to 
resolve any differences in the testing procedures for the LM/ATM prior to 
presenting the requirements to KSC. 


Letter, Leland F. Belew, MSFC, to Thomas W, Morgan, KSC, “Preliminary test re- 
quirements LM/ATM,” 17 November 1967. 


During meetings held in Washington and Huntsville, an alternative configura- 
tional approach (basis for dry Workshop) for meeting AAP objectives was pro- 
posed by MSC as one method of overcoming certain problems that had been 
identified during the past several months. Following the discussions, it was 
decided to proceed as programmed. (Sec 21 May 1968 entry.) 


Memorandum for reeord, John H. Dishcr, NASA Hq, “Pros and Cons of an Alternate 
Configurational Approach to Meeting A.\P Objectives,” 27 November 1967, and 
“AAP Program Discussion at MSFC on November 19, 1967,” 27 November 1967; 
letters, G. S. Trimble, MSG, for Robert R. Gilruth, MSC, to George E. Mueller, 
NASA Hq, 14 December 1967. 


NASA’s AAP Director Charles W. Mathews stated: “The activities involved in 
the AAP represent major steps in the utilization of our space capability. The 
results of this program can serve to establish the direction of future space ex- 
ploration and applications. In particular, increased knowledge on the effective 
integration of men into the total system should accomplish much in determining 
the character, system configurations and operational approach in future pro- 
grams. The ability to capitalize on the large investments already made in the 
Apollo program affords the opportunity to carry on this work in Apollo appli- 
cations in an efficient and economical manner,” 
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Charles W. Mathews, “Apollo .\pplications — A Progress Report” paper presented 
at the Astronautics International Symposium sponsored by the American Astronautical 
Novtmbttr Society, New York, 27-29 November 1967. 

30 The NASA Directors of the Apollo and Apollo Applications Programs Samuel C. 

Phillips and Charles W. Mathevrs, in a letter to their MSC counterparts, George 
M, Low and Robert F. Thompson, said: “Within the scope of the AAP program, 
it is desirable that an in-depth evaluation of a recovered CM be made as early as 
possible to fully determine the technical feasibility and economy of refurbishment 
and reuse of recovered Apollo Command Modules . . , 

They added that as a prerequisite to test and evaluation for refurbishment po- 
tential, salt water corrosive effects must be minimized on recovered spacecraft. 
This would involve some postflight operations to be performed aboard the re- 
covery ship: dropping the aft heat shield, flushing the pressure shell, and drying 
and packaging for subsequent test and evaluation. 

Low and Thompson were requested to coordinate and jointly establish postflight 
handling and test requirements for spacecraft 020 in a manner ensuring no impact 
on the Apollo 6 schedule or the postflight evaluation of the recovered spacecraft. 

Letter, Samuel C. Phillips and Charles W. Mathews to George M. Low and Robert F. 
Thompson, “Post Flight Operations and Tests of S/C 020 for Refurbishment Evalua- 
tion,” 30 November 1967. 

Dtctmbtr NASA presented the ATM program to the Astronomy Missions Board at Cam- 

bridge, Massachusetts. Considerable interest was shown by the Board regarding 
crew participation in the ATM mission. The Board recommended an early 
crew assignment for ATM, so that adequate training in solar physics could be 
provided, and also recommended that scientist astronauts be assigned as members 
of the ATM flight crew. 

NASA, “Manned Space Flight Weekly Report,” II December 1967. 

4 Robert F. Thompson, Assistant Manager of MSC’s Apollo Applications Program 

Office since its establishment in July 1966, was appointed Manager of that office. 
The position had been vacant since April 1967 when MSC Deputy Director 
George M. Low, who had been Acting Manager, I 'came Manager of the Apollo 
Spacecraft Program Office. 

MSC Announcement 67-173, “Manager, Apollo Applications Program Office,” 4 
December 1967. 

7-8 Representatives of MSFC, MSC, Grumman, Martin Marietta, North American, 

and McDonnell Douglas met at MSC to explore flight vibration levels for appli- 
cation to hardware mounted intcinal to the spacecraft lunar module adapter 
(SLA) on an S-IB. All agencies were in agreement that acoustic vibration testing 
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was the most appropriate for design verification of hardware mounted within 
the SLA in the moderate- to high-frequency region. It was also agreed that the 
MSC Acoustic Facility was the most desirable for this testing. 

NASA, “Apollo Applications Weekly Status Report,” 22 December 1967. 

Representatives of NASA and the aerospace industry participated in a four-day 
meeting on the Orbital Workshop design requirements at MSFC. During the first 
day, discussions covered structures, mechanical systems, and propulsion. On the 
second day, instrumentation and communications documentation was reviewed. 
The third day focused on crew station reviews. On the final day, results were 
summarized. 

NASA, “Manned Space Flight Weekly Report,” 18 December 1967. 

Apollo Applications Program Director Charles W. Mathews directed the AAP 
Managers at the three manned space Centers to halt all activity pertaining to the 
AAP-IA missions. The purpose of the AAP-IA mission would be to perform 
experiments in space sciences and advanced applications in a low-altitude Earth 
orbit for up to 14 days. 

TWX, Charles W. Mathews to Lcland F. Belew, MSFC, Robert F. Thompson, MSC, 
and Thomas W. Morgan, KSC, “Mission lA Termination,” 27 December 1967. 


A lunar exploration prograni had been developed which would cover the period 
from the first lunar landing to the mid-1970s. The program would be divided 
into four phases: 

(1) An Apollo phase employing Apollo hardware. 

(2) A lunar exploration phase untilizing an extended LM with increased 
landed payload weight and staytime capability. 

(3) A lunar orbital survey and exploration phase using the AAP-IA carrier 
or the LM/ATM to mount remote sensors and photographic equipment on a 
manned polar orbit mission. 

(4) A lunar surface rendezvous and exploration pha.se which would use a 
modified LM in an unmanned landing to provide increased scientific payload 
and expendables necessary to extend an accompanying manned LM mission to 
two weeks duration. 

Bellcomm, Inc., Technical Memo, “Lunar Exploration,” January 1968. 

NASA Administrator James E. Webb recommended a cautious, step-by-step, 
wait-and-see approach to selection of a contractor for adapting the Apollo CSM 
to AAP requirements. 

Memorandum, James E. W'ebb to Associate Administrator for Manned Space Flight, 

“Adapting the Apollo CSM for AAP,” 8 January 1968. 
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1968 NASA budgetary restraints required an additional cut in AAP launches. The 

lanuary reduced program called for llirce Saturn IB and three Saturn V launches, in- 

cluding one Workshop launched on a Saturn IB, one Saturn V Wor' '.op, and 
’ one ATM. Two lunar missions were planned. Launch of the first Workshop 

would be in April 1970. 

NASA Hq Schcaule, 9 January 1968. 

9 MSFC awarded Perkin-Elmer Corporation a contract to develop the telescopes 

for the ATM. 

Contract NAS 8-22623, 8 January 1968. 

NASA Hq authorized MSC to extend through 15 May 1968 the existing contract 
with Grumman. Purpose of the contract was a study leading to a preliminary 
design review of LM modifications for AAP, 


TWX, George E. Muclier, NASA Hq, to Robert K. Gilruth, MSC, ‘’Extension of 
Present AAP LM Modification Contract,” 12 January 1968. 


NASA awarded a letter contract to Martin Marietta for the payload integration 
effort on AAP. (See 26 July 1967 entry.) 

Letter, contract NAS 8-24000, 16 January 1968. 

A direi.tivc to specifically identify responsibilities for planning, conducting, and 
reporting on audits of reliability, quality, and system safety program activities 
at all AAP organizational levels was issued by NASA. 


AAP Directive No. 9, “Reliability, Quality, and Syst^'m Safety Auditing,” 22 January 
1968. 


As originally conceived, the AM consisted of a simple tunnel and truss structure 
that provided access to the S-IVB OWS from the GSM. The AM subsystems 
provided distribution of power from the GSM to the OWS, a temperature regu- 
lated, clean atmosphere for the Workshop, and limited instrumentation. 

After a year of program evolution, the AM, although similar in appearance and 
utilizing more than 60 percent of the effort expended on the original AM, had 
become physically different, with a considerably more complex role to play. Th»: 
AM had become the hub and cenli al “engine room” of the cluster by incorporat- 
ing the electric power conditioning, storage, and distribution system. It was 
designed to receive and store power from the solar arrays, the GSM, and LM 
and to make distribution of power to the OWS, AM, MDA, CSM, and, in 
emergencies, the LM. The AM was designed to provide the central environmental 
control system for distributing a dehumidified, dcaased, odor free, teraperature 
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The airlock tunnel assembly was 
fabncate j at the McDonnell 
Douglas facility in St, Louis. 
This photo shows the hatch 
still being tackwelded. 


conditioned, oxygen/nitrogen atmosphere to the OWS, AM, MDA, CSM, and 
LM Md to provide coolant loops for its equipment and that in the MDA. In 
^ditic it contained the central command and instrumentation center for the 
OWS, as well as an overall caution and warning system. The AM was being 
developed by McDonnell Douglas, St. Louis. 

Memorandum for record, T. E. Hanes, “Comparison of the originally contracted Air- 
lock with the scope of present Airlock contract requirements,” 23 January 1968. 

A study of the LM/ATM was initiated to conduct a critical and constructive 
review of all aspects of the LM/ATM mission to include cost, scheduling, and 
complexity. The three-man study team consisted of George E. Mueller (NASA 
Hq), Ludic G. Richards (MSEC), and George S. Trimble (MSG). 

25 January 1968; memoranda, 
Robert F. Thompson to Dist, “LM/ATM Study,” 23 January 1968, and “Ad Hoc 
Studies of Alternate Apollo Applications Program Plans,” 17 January 1968. 
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A bellcomm review which summarized the system configuration aspects of operat- ar 

ing the LM/ATM independently of the OWS was presented at the AAP review 
NASA Hq. The review concluded that decoupling was feasible within the frame- 
work of the mission objectives. 

Memorandum for file, R. K. McFarland, Bellcomm, “Coupled vs. Decoupled LM/ 

ATM Mission Concepts: System Configuration Aspects,” 14 February 1968. 

Nomenclature for the OWS included in the AAP presented in the FY 1969 J* 

budget was confirmed by NASA. The ground-outfitted OWS to be launched 
with Saturn V would be designated the “Saturn V Workshop.” (This had some- 
times been called the “dry Werkshop.”) The OWS that would be launched 
by a Saturn IB would be referred to as the “Saturn I Workshop.” (Colloquially it 
had been referred to as the “wet workshop.”) Terminology “Uprated Saturn I” 
would not be used officially. This launch vehicle would be referred to as the 
“Saturn IB.^* 

,27 ORIGINAL PAGE lb 

OE POOR QUAUTV 







1968 

January 

29 


31 


February 

5 


12 


skylab: a chronology 

, w H Shapley NASA Hq. to Heads of Program and Staff Offices, 

II . i..,«ntPrt was conducted in orbit during the Apollo 

An S-IVB residual-propcl an p pasavation requirements. 

session. Fi« 

The test was performed on the hvdrogen. This was followed by 

the liquid oxygen was dumped, J J Preliminary indications were 

the release of heUum in the stage pneumatic system, r 

that propellant settling was satisfactory. 

NASA. “AAP Weekly Progress and Problem Summary.” 29 January 1968. 

An MDA preliminary design ^ toS-3A 

resulted in action to integrate the r P- V (Mission 2) MDA preliminary 

„dAAP-3/4.^«-0„^ 

design review, Phase II, Pechn vrepp MSC study group was proposed 

of discussions of this Board meeting, a join canabilities The study group 

to define AAP cluster attitude control attitude control 

would define the capabilities of the pr^n y 

system, the Apollo service mo u e reac on jncompatibilities existed 

s^pe mount control moment gyro Ld sensors, 

with the operations requirement^ and the proposed expenm 

NASA. OMSF History of ^^rs^Srsnania^^lseS; mem<> 

NASA, “aAP Weekly ^ “Multiple Docking Adapter 

would retmn the basic elemen OWS. Other modifica- 

ATM »lar as<ron<m.y pavw » ^ i„corporated *re thi, could 

tions to improve overall eff r r time OWS-C would be a more 

be achieved with small « ^ ,y3,em for 

advanced concept .n ^ “ „ „„„H p„vide living and working quarters 

l".re":ruHtoAk. lor^two or ™ore yea„. 

M— n,, Ck.Ue. W. M.d.™ NAS* H„ to F. L. Tn,.np». L.KC, '^t-. 

V Workshop Studies.” 5 February 1968. 

Objectives ol the AAP-3/AAP-1 mission wem to 
•V nprim p.nts. 
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• Obtain engineering data from the operation of the ATM attached to a 1968 

LM ascent stage to support development of an advanced manned orbital ob- 

servatory. February 

• Demonstrate hard dock of the LM/ATM to the MDA of the Saturn I 
OWS left in orbit from the AAP-l/AAP-2 mission. 

• Determine feasibility of reactivating and operating a Saturn I OWS as 
a habitable space structure for a period of up to 56 days from the AAP-3 launch 
date through evaluation of the CSM/S-IVB/AM/MDA. 

Directive No. 5A, “Flight Mission Directive for AAP-3/AAP-4,” 12 February 


A man^ement review of the pointing system for the ATM was held with Perkin- 
Elmer Corporation. Conceptual design was completed and approved by MSFC. 
In addition, the preliminary requirements review for the H-Alpha telescope and 
pointing system was satisfactorily completed by MSC. 

NASA, “Manned Space Flight Weekly Report,” 26 February 1968. 


Astronaute and spacecraft designers used this engineering mockup of the Saturn I 
Workshop dunng a five-day crew station review at MSFC. The space-suited 
t^imcian is shown operating a control panel while being heid in place by 
Dutch Shoes attached to the mesh floor. 
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Harold T. Luskin, Chief Advanced Design Engineer at Lockheed-Califomia 
Company, and former American Institute of Aeronautics and Astronautics Presi- 
dent, was named NASA Deputy Associate Administrator for Manned Space 
Flight (Technical) effective 18 March. 

NASA News Release 68-39, “Luskin Appointed at NASA,” 26 February 1968. 

To ensure that at appropriate and progressive points in the AAP life cycle suffi- 
cient management visibility was obtained of the status of design, manufacturing, 
and testing to determine the integrity of the system before a mission, seven key 
checkpoints were established : 

(1) PRR — preliminary requirements review. 

PDR — preliminary design review. 

(j) CDR — critical design review. 

(4) Cl — configuration inspection. 

(5) COFW — certification of flight worthiness. 

(6) DCR — design certification review. 

(7) FRR — flight readiness review. 

AAP Directive No, 1 1 , “Sequence and Flow of Hardware Development and Key 
Inspection, Review and Certification Checkpoints,” 26 February 1968. 

AAP was first presented as a separate Research and Development program in 
NASA’s FY 1968 budget request, which was submitted to Congress in January 
1967. As originally conceived, AAP was designed to take full advantage of the 
Nation’s investment in Apollo-developed hardware, facilities, and manpower. 
However, in making adjustments to considerably lower funding, the program was 
pared down to the minimum level for maintaining a reasonable manned space 
flight program in the early part of the next decade and preserving any basic 
capability for future U.S. manned operations in space. 

Memorandum, J. Pemble Field, Jr., to Dist., “History of AAP, Prepared for Con- 
gressman Teague,” 29 February 1968. 


LaRC Director Floyd L. Thompson was appointed Special Assistant to NASA 
Administrator James E. Webb and Chairman of a Post-Apollo Advisory Com- 
mittee to evaluate future manned space flight projects. These assignments were 
in addition to his duties as LaRC Director. Since these additional responsibilities 
would require Thompson to spend a portion of his time away from Langley, 
LaRC Deputy Director Charles J. Donlan would serve as Acting Director. 

NASA News Release 68-41, 29 February 1968; letter, James E. Webb to Floyd L. 

Thompson, 15 February 1968. 


An evaluation and selection committee was formed to review the suitability of 
candidate chambers for ATM thermal vacuum testing. The committee, coi^posed 
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of m«m^ tarn the OMSF Apollo Applications Potgrant Office MSFC MSn 
foddatti Sp«te Flight Center, and the Jet Propulsion flborato.^ wild elS 
chamber located at MSC, Arnold Engineering Development CentTr TOe w 

P ity, modification requirements, contamination control, cost, and logistics. 

NASA, “Manned Space Flight Weekly Report.” 4 March 1968. 


1968 

Ftbruaiy 


“PP”" E”viri.nmental Science Seme, 
Administration for the design and fabrication of a preprototype model of the i, 
rated tempemtum pioffle radiometer. Recent ESSA S^nlfted tl^, ffi 

in the mid '""P'™““ "-e atmosphir 


Letter, L. Jaffe, NASA Hq, to Robert R. 
Program Authority,” 4 March 1968. 


Gilruth, MSC, “Release of Fiscal Year 1968 


March 

4 


Fairchild-Hiller Corporation presented a mockup demonstration and tech 

Un7MSFc'’'°’"f ’• C^niantown, P^nl^ 

SmhiH m wos planning to develop the OWS solar arrays and favorer 
airchild-Hiller design approach, but experience and the details of their pate 
design would require the establishment of a working arrangement. 

NASA, “Manned Space Flight Weekly Report,” 18 March 1968, 
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The ATM Principal Investigators presented the status of their experiments at 
Ball Brothers Research Corporation in Boulder, Colorado. They reported good 
progress in the development of their instruments and presented material to sup- 
port their assessment that deliver)' would be on schedule. They also stressed the 
impiortance of flying a mission as early as possible during a period of high solar 
activity. 

NASA, “Manned Space Flight Weekly Report,” 18 March 1968. 

The first de-sign verification thermal test of the cryogenic gas storage system for 
AAP was completed at Bendix Corporation. Following the tests, the unit was 
shipped to MSC for additional thermal vacuum testing to determine actual 
hydrogen and oxygen performance. 

NASA, “Manned Space Flight Weekly Report,” 11 March 1968. 

NASA establLshed a Test Definition and Planning Group to assist the respective 
AAP Managers in the identification and resolution of problems concerned with 
inter-Center ground testing of space vehicles and associated ground support equip- 
ment. The group would perform a technical definition function for ground test 
activities. Primary emphasis would be on planning associated with coordination 
of integrated systems test activities where inter-Center functional responsibilities 
were involved. The group would work with the .AAP panels, as required, to 
develop recommendations for test activity integration. 

AAP Directive No. 8, “Establishment of the Apollo Applications Test DeBnition and 

Planning Group,” 12 March 1968. 


MSC and MSFC were responsible, as development Centers, for design, develop- 
ment, fabrication, qualification, acceptance test, and delivery of AAP spacecraft 
and experiment carriei's, assigned experiments, and associated ground support 
equipment. 

KSC was responsible for the development and operation of launch and industrial 
facilities and associated ground support equipment required to support AAP, and 
the assembly, test, inspection, checkout, and launch of AAP space vehicles at 
KSC. 

AAP Directive No. 12, “Prelaunch Checkout and Launch of Center Developed (In- 
House) Flight Hardware for the Apollo Applications Program,” 15 March 1968. 


No central archbes were planned for the experiment data from AAP. The ex- 
periment records would be kept by the Centers having responsibility for the 
experiments. However, MSC would establish and maintain a Central Index for 
AAP experimental data. 
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Letter, Charles W. Mathews, NASA Hq, to Robert F. Thompson, MSC, Leland F. 
Belew, MSFC, and Thomas W. Morgan, KSC, “Data Flow Plan for AAP Missions 
1-4,” 15 March 1968. 

A task team was established to review the requirernents and establish a new base- 
line for the LM and the ATM with the objective of reducing costs and opera- 
tional complexity. The team was composed of senior members from the OMSF, 
MSC, MSFC, The Martin Company, and Grumman. 

Note, George E. Mueller, NASA Hq, to Charles W. Mathews. NASA Hq, 18 March 
1968. 

During the OWS preliminary design review, it was suggested that the AAP 
vehicles contain a library of material of an operational, technical, and recreational 
nature for use by the flight crews. Loewy and Snaith, Inc., had made a similar 
suggestion. A survey of AAP crew members was being conducted to determine 
the type and quantity of such materials the crews might desire so that design 
engineers could arrive at a preliminary systems approach to an inflight library 
and evaluate the impact. 

Letter, Robert F. Thompson, MSC, to Donald K. Slayton, MSC, “In-flight library 
for AAP missions,” 19 March 1968. 


A preliminary design review board met at MSFC to discuss OWS major test 
items. These included plans for a dynamics test program to determine the dy- 
namics of the cluster and the requirements for flammability, toxicity, and crew 
hazards analyses and tests. Individual subsystem flammability tests were planned. 
MSC specifications for crew compartment nonmetallic material selection and 
testing would be used. 

NASA, “Manned Space Flight Weekly Report,” 25 March 1968. 


MSC adopted the position that only mixed gas atmospheres should be considered 
for missions longer than 30 days in duration. Conceding that studies of the 
physiologic effects of mixed gas atmospheres, other than air, were new in number 
and controversial in nature, MSC suggested that such evidence as did exist in- 
dicated that nitrogen was a superior choice as a second atmospheric constituent 
from an overall medical standpoint. 

Letter, Robert R. Gilruth, MSG, to J. S. Blcymaicr, USAF, 28 March 1968. 

Following discussions at the Manned Space Flight Management Council meet- 
ing at KSC on 21-24 March, Associate Administrator for Manned Space Flight 
George E. Mueller and MSC Director Robert R. Gilruth concluded that, with 
the stringent funding restraints facing the AAP, the most practical near-term 
program was a Saturn IB OWS designed to simplify operational modes and 
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19 


19-20 


28 


April 

3-15 
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1968 

April 


4 


16 


19 


techniques in Earth orbit. It was agreed that a special task force would be set 
up to define and implement any changes necessary to the MDA, incori»rate 
new experiments into the program, and plan and program the eritieal series of 
medical experiments required for AAP in order to collect vital data regarding 
crew performance during the early phases of AAP long-duration flights. 

The MDA task force held an initial meeting at MSC on 10-11 April. Require- 
ments for the critical medical experiments were identified, and potential Earth 
Applications experiments were reviewed. MSEC was requested to make a p. -- 
liminary design analysis of the impact of incorporating critical medical experiments 
and to determine which Earth applications experiments could be accommodated. 

Letters, George E. Mueller to Robert R. Gilruth, 3 April 1968; Robert R. Gilruth to 
George E. Mueller, 15 April 1968; Charles W. Mathews, NASA Hq, to Lcland F. 

Belew, MSFC, Robert F. Thompson, MSC, and Thomas W. Morgan, KSC, 2 April 
1968 and 4 April 1968; “Manned Space Flight Weekly Reports,” 8 April 1968 and 
15 April 1968. 

NASA announced the selection of General Electric Company’s Apollo S>^tems 
Division to negotiate a one-year, cost-plus-fixed-fee contract to provide engineer- 
ing support for AAP. Responsible to the AAP Office in NASA Hq, General 
Electric would perform such engineering support in the areas of reliability and 
quality control, configuration management, testing, and checkout. (General 
Electric was already fulfilling the same task in support of Apollo.) 

NASA News Release 68-61, 4 April 1968. 

In a speech before the National Space Club in Washington, AAP Director Charl« 
W. Mathews stated that, beyond the goal of landing on the Moon, NASA’s 
overall plan for manned space exploration comprised “a balanced activity of lunar 
exploration and extension of man’s capabilities in Earth orbit. The AAP, 
Mathews declared, contained sufficient flexibility so that it could be conducted 
in harmony with available resources: “We are also prepared to move forward 
at an increased pace when it is desirable and possible to do so.’’ He said con- 
tingency planning left room for both budgetary and mission goal changes, thus 
answering congressional criticism that NAS.\ had not provided sufficient flexi- 
bility regarding long-term goals. 

Baltimore Sun, 18 April 1968, p. A-1 1. 


The OWS passivation sequence was described at a flight operations plan meeting 
held at MSC. Solar arrays would be deployed on the first stateside pass, since the 
liquid portion of the passivation would have been completed. Gaseous passivation 
was expected to require approximately 24 hours. Ihc meteoroid bumper would 
not be deployed until crew arrival because it would interfere thermally with the 

passivation* 

NASA, “AAP Wrekly iVogress and Problem Summary,’* 26 April 1968. 
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GROUND TRACK 


lunar module adaptor 

Ir!f, T Advanced SpL e- 

Technology Division. This configuration wa.s developed to illustrate the 

extent to which the building block philosophy could be carried. It would utilize 
both Cemin. and .\po!lo spacecraft and would require 2 unmanned launches 
and 10 manned logistic launches. The report was published 25 April 1968. 

NASA Hq rcque.sted MSFC, LaRC, and MSC to perform independent studies 
to Identify the most desirable agency program for the Saturn V Workshop and 
to provide a project plan. ^ 


Lcttm, Ciiarlcs W. Mathews. NASA Hq, to Robert R. 
Braun, MSFC, and C. J. Donlan, LaRC, 25 April 1968. 


Gilruth, MSC, 'Vernher von 


A briefing was held at Andrews Air Force Base, Maryland, on a recovery .suppor 
udy conducted by the Department of Defease Manager for Manned S^p^aci 
flight Operations. NASA requirements provided for the study were based or 
two concepts of support. The “current concept” implied supi^rt requirentn 
similar to those required for the Gemini program. The other was tSe “future 
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concept” which would be employed when sufficient reliability of spacecraft sys- 
tems had been demonstrated. The ‘ future concept” would employ two recovery 
zones (primary and secondary) iis opposed to the four zones designated in the 
“current concept.” Defease forces allocated to meet NASA requirements would 
be significandy reduced under the “future concept.” 

NASA, “AAP Weekly Progress and Problem Summary,’’' 26 April 1968. 

A primary objective of the Apollo Applications reliability program would be to 
identify ^1 significant single failure point potentials of equipment for various 
modes of operation. Single failure point potentials would be examined for each 
mission, and a summary' of single failure points would be prepared and kept 
current. Supporting information from the Apollo program would be used to the 
maximum extent possible. 

AAP Directive No. 13, “AAP Failure Mode and Effect Analysis; Single Failure Point 

Identification and Control,” 30 April 1968.. 


An AAP holding plan was implemented for the remainder of Fiscal Year 1968. 
The plan was activated in order to maintain a reasonable balance in program 
content while avoiding major cuts to work in progress. This action became 
necessary because of funding restraints imposed on AAP. 

Letters, Charles W. Mathews, NASA Hq, to Lelarid F. Belcw, MSFC, Thomas W. 
Morgan, KSC, and Robert F. Thompson, MSC, 3 May 1968. 

A major goal of the AAP— to accelerate the evolution of the utility of space 
flights— required certain steps to achieve more effective and economical manned 
space operations, while enhancing the value of information obtained during 
orbital flights. Some of the more important steps required would be obtmning 
data on the physiological qualification of man for extended duration in space, 
providing adequate support systems which would allow man to maintain a high 
degree of effectiveness; and determining efficient man-machine relationships. 

Speech, Charles W. Mathews, NASA Hq, to Society of Automotive Engineers, Inc., 
Space Technology Conference, “Apollo Applications— The Next Step in Mans In- 
vestigation of Space,” 8 10 May 1968. 


Designers at MSFC. increased the capability of the MDA to provide for crew 
habitation and to perform certain biomedical experiments in the event the OWS 
could not be made habitable after reaching orbit. 

MSFC, “AAPO Weekly Activity Report,” 22 May 1968. 


NASA Hq described the purpo.scs of the .\AP 3A mission: (1) qualify man, 
evaluate his supptirt requirements, and determine human ta.sk performance 
capabilities on long-duration manned space flight missions; (2) demonstrate the 
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fciisibilily of rciP’ti mating a Saturn I OWS that hits been left unattended in Earth 
orbit for several months and reusing a Saturn I OWS as a base of operations 
for the conduct of experiments in astronomy, science, applications, technology, 
engineering, and medicine. 

.AAP Directive No. 14, “Flight Mission Directive for A.\P -3A/’ 22 May 1968. 


NAS.\ Hq issued managemeat procedures to be folloNved for AAP experiments. 
The procedures were divided into two phases: planning and implementation. 
In the planning phase, paperwork reflecting the plans of the development, inte- 
gration, mission operations, and launch operations ccntei's for an experiment 
would be submitted to the AAPO for compatibility assessment and implementa- 
tion planning. The implementation phase would encompa.ss iill the activity 
involved in the acquisition of experiment hardware, preparation of hardware for 
flight use, performance of flight (operations, and disposition of experiment data. 

AAP Directive No. 15, “Managt'ment PriHechircs for the Planning and Iinplcmenta- 
tion of AAP Experiments/* 25 May 1968. 

A LM/AIWI Evaluation Board, established to make an in-depth review of the 
planned LM/.\1'M module configuration and mission, issued its final report. 
The Board review' concentrated on the operational and programmatic aspects 
related to use of ihe EM with the A I M. .\t a meeting held on 9 March, the 
ATM experiment status was the sul)ject of iliscussion. Principal Investigators 
and the MSEC A'l'M Program Ollice representatives summarized progress on 
each experiment and on the total ATM package. 

At meetings held on 15 l(i March, presentations were made by MSC and 
MSEC. MSC stressed the operational complexities of the dual-rendezvous, dual- 
docking capability of the LM, extravehicular activity, crew training, and mission 
critical sequencing. NISEC- stressetl the desirability of the cluster mission and, 
while recognizing the pn^blems of dual rendezvous, suggested that the system and 
mission ;is configured was the best [possible choice. 

Final Report, LM/A'FM Evaluation Bt>arcl, 25 May 1968. 


Center Directors Robert R. Gilruth (MSC) and Kurt H. Debus (KSC) approved 
a joint memorandum of understanding on MSC KSC< relations that laid down 
guidelines ami procedures for execution of Center responsibilities within areas of 
mutual interest. I'he document thus sought to ensure an effective programmatic 
interface between the two Centers ami also provided for .subsequent agreement, 
spelling out in detail specific inter-CU'iUer [X)licies and procedures. 

MSCM 8010, “Program Managoment Guido,** 27 May 1968. 

A review of the AM test program was held at MSC to examine the existing 
b;\scline AM testing plan in terms of piogranuvidc AAP test requirements and 
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Participants included representatives from Headqua ters, MSFC, 

Moy and the AM contractor, McDonnell Douglas. .Spokesmen for McDonnell 

J^uglas recommended additional subsystem development testing, as well as 
themal-vacuum testing of airlock flight hardware (a recommendation being 
evaluated by experts at both MSFC and MSC). 

NASA, “Manned Space Flight Weekly Report,” 3 June 1968. 

lun* NASA released a new AAP launch readiness and delivery schedule. The schedule 

^ decreased the number of Saturn flights to 1 1 Saturn IB flights and one Saturn V 

flight. It called for three Workshops. One of the Workshops would be launched 
by a Saturn IB, and another would serve as a backup. The third Workshop 
would be launched by a Saturn V. The schedule also included one ATM. 
Launch of the first Workshop would be in November 1970. Lunar missions 
were no longer planned in the AAP. 

NASA Hq Schedule, 14 January 1968. 

• NASA launched two Aerobee 150 sounding rockets from White Sands Missile 

Range, New Mexico. The first rocket carried a Naval Research Laboratory and 
University of Maryland payload to a 179-km altitude to flight test a design 
venfication unit of the high-rcsolution spectroheliograph planned for use on the 
ATM. The second rocket carried an American Science and Engineering, Inc., 
payload to a 150-km altitude to obtain high-resolution x-ray pictures of active 
repons of the Sun during solar flare and general x-ray emission of solar corona. 
The rocket and instrumentation performed satisfactorily, but the payload of the 

first rocket failed to separate, thus preventing functioning of the parachute 
recovery system. 


NASA, “Papons on Sounding Rocket Launchings"; “Manned Space Flight Weekly 
Report,” 10 June 1968. ' 


24 


An MDA task force, established in March to examine the ability of the MDA to 
support the operation of critical medical experiments within 24 hours of ren- 
dezvous and docking and to examine the fea.sibility of conducting selected Earth 
resources and meteorological experiments, made recommcnd.-itions which resulted 
in baseline configuration changes to the MDA. 


Docking ports 2 and 3 of the MD.\ would be deleted; four windows in the conical 
section of the MDA would be deleted; and a viewport would be provided to 
support unmanned rendezvous and docking. 


r *^SFC. Thomas W. Morgan, 

I ’ loco “Sutus of MDA Task Foree Activities,” 24 

June 19vo. 


The 2.4-m-diameter tank tests at McDonnell Douglas were nearing completion. 
The test tank which consisted of a waffle-pattern wall structure, internal insula- 
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The Post Apollo Advisory Committee, authorized by the NASA Administrator to 
evaluate and make recommendadons on post-Apollo space activities, issued its 
report which confirmed the has c objectives of the AAP and played a deciding 
role in its >ater evoludon. The Committee, headed by LaRC Director Floyd 
Thompson, held meetings at MSf C, MSC, NASA Hq, and KSC on 25 January 
15 February, 12 March, and 25-26 March 1968, respectively 


Post Apollo Advisory Committee Report, 20 July 1968; memorandum. Robert F. 
Thompson, MSC, to Dist., “Ad Hoc Studies of Alternate Apollo Applications Pro- 
1968; letters, James E. w^bb, NASA Hq, to F. L. Thomp- 
son, MSC, Leland F. Belew, MSFC, and Thomas W. Morgan, KSC, “AAP 5, 6, and 
7 Mission Definition,” 1 February 1 968. 


At NASA Hq, movements were underway to select a new name for post-Apollo 
manned space flight (AAP) — one that would be more descriptive of the agency’s 
real goak and objectives. At the Planning Study Group meeting, Douglas R. 
Lord, Chairman of the Working Group on Extension of Manned Space Flight, 
was asked to recommend a new name for NASA’s Earth-o*-biul flight pro™ 
of the mid-1970s. However, AAP Director Charles W. Mathews urged that the 
name AAP be retained because NASA had a good deal invested in it. On 26 
July, Julian M. West wrote Lord recommending that NASA choose some other 
nam .0 cover both AAP and an interim space base of the mid- 1970s (dubbed 
the “lOWS” program, for Interim OrMtal Workshop). West urged that aU such 
names as “AAP,” “Workshop,” and “Extension of Manned Space Flight,” be 
dropped because they did not accurately describe what he saw as “the major 
goal— manned space flight itself.” West voted for a name put forward by George 
Tnmble of MSC, “Space Base Program,” which he believed covered NASA’s 
mid-1970s missions. “We arc establishing a foothold for man in space.” 

Utter, Julian M. West to NASA Hq, Attn: Chairman of Working Group on Exten- 
sion of Manned Space Flight, MTD, “Program Name for Post-Apollo Earth Oibitai 

Flight Test Program,” 26 July 1968. 


Agreement was reached on the availability and utilization of an acceptance check- 
out equipment station at MSFC for the ATM. Availability of the acceptance 
checkout equipment station would be contingent upon successful completion of 
the Apollo program and the as.sumption that any contingencies that might arise 
adversely affecting the Apollo .schedule would also impact .\pollo Applications 
checkout need dates. 


Letten, H. T. Luskin, NASA Hq, to Leland F. Belew, MSFC, 31 July 1968; Charles 
W. Mathews, NASA Hq, to Wernher von Braun, MSFC, 23 July 1968. 

Following receipt of NASA direction to limit Saturn V production to \ ehicle 
515, MSFC began terminating production of engine hardware for the Apollo 
and Apollo Applications programs. The action involved 27 H 1, eight F-I, and 
three J-2 rocket engines. 


•if 


PART II ; APOLLO APPLICATIONS PROGRAM 
Letters, George E. Mueller, NASA Hq, to James E. Webb NASA Ho “S-IP i 

lunar moHnIe’c rrL • ’ representatives discussed the 

NASA. “Manned Space Flight Weekly Report,” 16 August 1968. 

WM «^rimcna would be designee' observe and record sotar features or 

d«k« oc"“"® o' instruments and recotding 

.JTf bo ■>»* over a wide range of energy wavdS 

m the form of both solar images and solar spectra. They would preserved ta 
future study by recording them on photographic film or magnetic 
ex^nments would provide new knowledge of the Sun, i fe^Ji^ 
phenomena, and the solar proces,ses of energy release. ’ 

MSC, “ATM Mission Review,” 9 August 1968. 

the AIM The device, expected to weigh about 9 kg, would deploy the ATM’s 
solar panels once the vehicle was placed in orbit and docked with the Worklop. 

MSFC News Release 67-178, 12 August 1968. 

McDonnell Douglas, Grumman, and Massachusetts Institute of Technoloev made 
pres-ntations to MSC on an automated rendcavous study effort h wiX fi^al 

rSir ''T “n’' “““mated rendezvous and 

• p g were feasible and would not impose severe hardware or operational 
constramts. The MSC AAPO wt. preparing a report on the studj rLr 

NASA, “Manned Space Flight Weekly Report,” 16 August 1968. 

NASA issued a directive providing program standards for achieving uniformity of 
erms, practices, and criteria to be used throughout the AAP in the generation of 

compared, *2 

lor potential program impact. 

Ss.'*”' "'■“'“as and C.rrrefire A.tlo.,- 

NASA announced award of a cost-plus-ineentivcfec contract to Bendix Corpora- 
on to develop one prototype and live flight-model .star trackers lor the Am 
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MSFC News Release 68-196, 2.8 August 1968. 


MSFC informed MSC that Gciufal Electric Company had been awarded a 
contract for ‘‘Human Engineering Criteria for Maintenance and Repair Study.” 
The contract would yield data dircctl applicable to the AAP-2 and AAP-4 
flights, as well as later missions. The underwater testing portion of the study 
required the use of space suits, and it was felt that the most useful data would be 
achieved if Apollo-type space suits could be used. MSC was requested to furnish 
two suits for that portion of the study to be perfonned at General Electric’s Valley 
Forge, Pennsylvania, facility in October 1968. 

Letter, J, O. Abcrg, MSFC, to Richard Johnson [sic], MSC, **Spacesuit support,'* 26 

August 1968. 


NASA established policy for nonmctallic materials selection, control, test, and 
evaluation in the .\.\P, emphasizing the importance of the nonmctallic materials 
program and its relationship to crew safety and mission success. The directive 
reflected a unified multicenter approach for obtaining maximum benefits from 
nonmctallic technology. 

AAP Directive No. 16, “Apollo .Applications Program Nonmctallic Materials Policy,” 

29 August 1968. 

MSFC Director Wemhei von Braun performed a full-pressure suit test in the 
Saturn I Workshop immersed in the Neutral Buoyancy Tank. He reported that 
the upgraded .seals used in the aft dome penetration scaling study were “very 
good,” but recommended additional handholds and tether points. 

Memorandum, W. Kuers, MSFC, Vi D. S, Akens, MSFC, “Historical Data,” July- 
September 1968. 


Seeking a better balance between Apollo and AAP workloads, NASA Hq 
authorized fi e transfer of program development responsibility for the AM and 
the LM/ATM front MSC' to MSFC. This move represented a major shift in 
AAP management and placed .\AP design and integration re‘'ponsibilities under 
a single NASA center. Those responsibilities included not only hardware design, 
but also systems engineering, development testing, and integration to ensure 
compatibility between flight hardware and ground support equipment. 

Memoranda, Charles W. Mathews, NASA Hq, to James E. Webb, NASA Hq. “AAP 
Management,” 20 August 1968; James E. Webb to George E. Mueller, same subject, 

10 September 1968; undated plan, “Delineation of Management Responsibilities, 
Apollo Applications Program,” cosigned by Robert R. Gilruth, MSC, K. H, Debus, 
KSC, and Wernher von hraun, MSFC. 

An AAP experiment-integrated test program and requirements for a fit and 
function test of experiment flight hardware were established. The program would 
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proviilc firm need dates of equipment keyed to test dates rather than launch 
dates; limit the period i>f eontinuini; engineering modifieations and redesign; 
verify the man ami nuuhine interfaces, using flight hardw;ire, %vell in advance of 
the equipment reaching KSC; and ensure ;ivailal.ility of (light-qualified expen- 
meats to support itssigued missions. 

Memoranda, H. T. Luskin. NAS.\ Hq, to Dist., \AV Kxperiment Flisht Arliclr InU- 
grated Testing,” 17 September 1968. 

Supporting development work in AAP %v;i.s eliminated, except that of an urgent 
or critical nature, such as the integrated medicid and behavioral laboratory 
measurement .system. This reduction in prognun supporting development work 
was the result of budget restrictions when available appropriated funds were 
reduced from $32.0 million to $18.2 million for Apollo and AAP. 

Utter, George E. Mueller, NASA Hq, to Robert R. Gilruth, MSG, 17 September 
1968. 


A preliminary design reN iew for the .\TM w.as held at MSFC. Working groups 
compost'd of scientists, engineei-s, and astronatits covered specific areas such as 
pointing control, eleetric;il and electronic stipport eqtiipment. n is-sion operations 
requirements, mechanical ;tnd thermal considerations, instrumentation, conunum- 
cations, control and display equipment, crew station, exireriments, and quality 
and reliability during testing and manufacture. 


Memor.,nd..m, Robert F. Tl.ompsou, MSG, to HUt.. II September 1968; Ne^s 

Release 68 rH, 2:i September 1968, NASA, ''Maimetl Sp.-ire Flight Weekly Repo.t, 

7 October 1968. 


MSFC and KSC oHicials ;igieed upon procetltires for maintaining the capability 
to check out and launch the remaining Saturn IB vehicle inventory. Their joint 
recommendations includetl a phasedown on contractor activity following the 
AS-205 launch; deactivation of l.aunch Complexes 34 and 37 to allow maximum 
stora.ge of equipment and minimum maintenance on items remaining in place; 
and continuance of KSCi ;inalysis of manpower required to support tlic AAP dual 
launch requirement, with e.ontiactor participation at the. earliest date. 

Mcmoramlum, K. II. Dobus. KSC, to Dist., 2 October 1968: KSC. "Weekly Rc- 

port/' 18 October 1968. 


A procedure that defined and detailed AAP inter-Cei.ter interface management 
procedures and the operation of ;i repository for AAP inter-Center interfaee 
control documents (ICD's) and interface revision notices was published. 


Memorandum. Robert F. Thompson. MSC. to Dist.. “AAP Interrenter ICD Manage- 
ment Procedure." '2 October 1968; AAP Interrentrr ICD Management Procedure 
Document No. IMPOOl, September 1968 
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The AAP cluster as visualized by personnel of NASA’s Office of Manned Space 
Flight in Washington in September 1968. 

MSFC was reque,sted to proceed with the definition of a system to transmit tele- 
vision from orbiting Apollo Applications spacecraft to selected Manned Space 
Flight Network ground stations. Design of the system would include use of 
equipment developed from previous programs and elimination of elaborate tests, 
qualifications, and paperwork in its definition. 

Letter, H. T. Lusk.n, NASA Hq, to Leland F. Bclcw. MSFC, “An RF TV Link for 
the AAP,” 8 October 1968. 

A lunar module preliminary design review was held at Grumman. The review 
indicated that an adequate basis existed for continued design and development. 
Some decisions on the LM which would require MSFC implementation were 
simplification, rearrangement, and appropriate relocation of crew provisions 
restraints, and controls in the LM crew compartment and updating of plans and 
specifications for the modifications. 

Memorandum. Robert F. Thompson, MSC, to Disl., “Apollo TclcKopc Mount (ATM) 
and AAP LM Preliminary Design Reviews (PDR’s),’ 11 Septcmbei 

“Manned Space Flight Weekly Report,” 21 October 1968. 

In the transfer of the AM contract and its management responsibilities from MSC 
to MSFC, agreements were reached on the content of the work statement and its 
appendices, contract-required plans, performance and configuration specificaUon 
and list of government-furnished equipment. McDonnell Douglas was requested 
to proceed with technical briefings for MSFC prior to the formal transfer of 
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Review of this study indicated that in either case, although both could be con- 
sidered technically feasible, additional analyses would be required including 
dynamic analysis (recontact), thermodynamic analysis, and modifications to 
ground support equipment. MSFC had reexamined the possibility of shortening 
the MDA docking tunnel, which would eliminate the need for a SLA modifica- 
tion. Two constraining factors governing the modification were (1) sufficient 
tunnel standoff distance from MDA pressure to assure no LM contact with the 
MDA and (2) launch clearance between the MDA Port I cover and the interior 
surface of the SLA. 

It was felt that any compromises that would necessarily complicate the design and 
operation of orbiting spacecraft hardware (MDA) as opposed to modification of 
expendable (SLA) hardware would not be the best choice, and MSFC therefore 
recommended that the “short tunnel” not be pursued further. 

Letter, Leland F. Belew, MSFC, to H. T. Luskin, NASA Hq, “Payload Enclosure for 

AAP-2 and AAP-4,” 21 November 1968. 


Harold T. Luskin, Director of Apollo Applications in NASA Office of Manned 
Space Flight, died in Bethesda, Maryland, of respiratory illness. He had joined 
NASA in March 1968 and had become Apollo Applications Director in May. 

NASA Special Announcement, 26 November 1968. 

MSC awarded a contract to Allis-Chalmers Manufacturing Company to flight- 
qualify the improved fuel cell electrical power system for AAP. The fuel cell 
sy.stem had been developed under three previous contracts that began in 1962. 
Under the present contract (to run through February 1970), Allis-Chalmers would 
try to achieve fuel cell lifetimes of 2500 hours to ensure adequate margins to 
satisfy 1500-hour manned AAP missions. (See 18 Julv 1969 entry.) 

MSC News Release No. 68-83, 27 November 1968. 


MSC awarded a two-year, cost-plus-inccntivc-fec support contract to TRW Inc., 
Redondo Beach, California, for mission trajectory control and spacecraft systems 
analysis programs. The mission control part of TRW’s contract involved flight 
trajectories and mission simulation, while the latter aspect encompassed systems 
engineering and analysis of .sy.stcms and subsystems aboard the spacecraft. 

MSG News Release 68 -86, 17 December 1968. 

William C, Schneider was appointed NASA Director of the Apollo Applications 
Program, succeeding the late Harold T. Luskin. Schneider had formerly been 
Mission Director in the Apollo Program and Gemini Program Director. 

NASA News Release 68 217, “Schneider Heads AAP,” 18 December 1968. 
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MSG awarded a contract to North American Rockwell, Downey, California, for 
preliminary design of modifications to the Apollo block II command and service 
modules for use in long-duration AAP missions. 

MSC News Release 68-88, 31 December 1968. 


Imtallation and instrumentation of a 2.4-m-diameter tank in the MSFC vacuum 
c am r test tower for an OWS insulation liner outgassing test was completed. 

he testing simulated part of the passivation phase of the AAP-2 mission to 
evaluate the outgassing and heat transfer characteristics of the OWS insulation 
iner and the resultant atmosphere and environment inside the Workshop. Testine 
was performed by MSFC personnel with McDonnell Douglas test support 
personnel making the outgassing measurements. 

NASA, “Manned Space FUght Weekly Report,” 13 January 1969. 

An AAP baseline configuration review was held at NASA Hq. Attendees in- 
duded the Center AAP Managers, the AAP Director, and key Center and 
eadqu^^ personnel. Headquarters presented a new AAP-2 experiments list. 
MSC ^d MSFC presented the weight status of the AAP missions, recommended 
con ro wcig ts or the modules, and proposed weight management systems. MSC 
printed a status report on a joint study by MSFC and MSC of the stowage 

s for the AA? flights and gave a status report on plans for AAP space suits 
and space suit support. ^ 

Thompson, MSC, Leland F. 

Belew, MSFC, and Thomas W. Morgan, KSC, “Minutes of AAP Baseline Configura- 
tion Review Held January 8, 1969,” 13 January 1969. 

A controls and displays review, the third and final one, was held at North 
^erican Rockwell, Downey, with an astronaut review team in attendance 
North Amencan gave a review of the major reorientation of the controls and 
displays, and the significant systems modifications which occurred since the pre- 
vious meeting. As a result of the three reviews, very little controk and displays 
activities would be necessary at the command module and service modules 
preliminary design review. 


NASA, “Manned Space Flight Weekly Report,” 27 January 1969. 


A meeting was held at Martin Marietta, Denver, to discuss improvements to the 
experiment integration requirements document in the areas of experiment test and 
checkout. Representatives from KSC, MSFC, and MSC established a set of 
guidelines and instructions that would identify the hardware flow plan and test 
activity associated with the experiment integration and prelaunch phase. Martin 
Manetta wm directed to use the instructions for future issues or revisions to the 
expenment integration requirements document. 
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“Apollo Applications Test, Weekly Highlights Report,” 22 January 1969. 

Management of the Saturn IB project and AAP-assigned spacecraft was trans- 
ferred from the Apollo program to AAP. This transfer of management responsi- 
bility included Saturn IB launch vehicles SA-206 through SA-212 and Saturn IB 
unique spares and unique facilities. The Apollo program would continue to fund 
the Saturn IB effort through FY 1969, except for that effort unique to AAP. 
Beginning in FY 1970, the Saturn IB funding would be an AAP responsibility. 
This transfer of responsibilities placed management of the Saturn IB project under 
control of the program that would use it and relieved Apollo management of 
some responsibilities, allowing more time for concentration on the mainline Apollo 
program. 

Letters, S. G. Plullips and W. C. Schneider, NASA Hq, to Associate Administrator for 
Manned Space Flight, “Transfer of Saturn IB Project Management to the AAP,” 

15 Januar>' 1969; George E. Mueller, NASA Hq, to Robert R. Gilruth, MSG, 22 
January 1969. 

NASA reported that considerable progress had been made during the underwater 
test program begun at MSFC’s neutral buoyancy simulator several years earlier. 
The program was providing information essential for design of the first U.S. space 
station. Technicians, design engineers, and professional divers in space suits and 
.scuba gear were conducting tasks similar to those necessary to activate an orbiting 
Workshop, in a .*>300-cu-m (1.4-million-gal) tank containing mockups of the AAP 
cluster elements (Workshop, Apollo telescope mount, solar observatory, and 
airlock and multiple docking adapter), simulating weightlessness of space. Con- 
clusions from the tests would be reflected in the Workshop’s final design, with a 
decision expected in May 1969. 

NASA News Release 69-4, 15 January 1969. 


Following six weeks of familiarization with the OWS, R. Walter Cunningham 
made a number of recommendations for modification of its interior. Among these 
were discontinuance of hardware development conceived to support the concept 
of compression walking; elimination of a settee from the food management 
compartment; discontinuance of any consideration of a cot for zero-g sleep 
stations; simplification of fire extinguisher brackets; and discontinuance of devel- 
opment of a cargo transfer device in the OWS and AM. 

Memorandum, R. Walter Cunningham, MSG, to A^ireclor of Flight Crew Operations, 

MSG, “Apollo Applications Program Orbiml Workshop,” 20 January 1969. 


MSC announced a reorganization of the .\APO in Houston: the Future Missions 
Project OITicc was redesignatcfl the Command and Service Module Project 
Office; the Program Control t became the Management Operations Office; 
the Systems Engineering Oil. was redesignated the Engineering Office; the Test 
Operations Olfico became ' .lanufacturing :nd 1 est Office; the Mission Oper- 


148 



PART II ; APOLLO AI PLICATIONS PROGRAM 

mem of aAP management responsibwrrMSF'c'i “ Tf t 

transfer of which had recently been concluded. September 1968, the 

Cpo“ 

indicated htde program impact from the change°'ho°ww 'ih,^ 
tiuirements mview would be based on the eaisttag’nrXn. '''• 

MSFO, .Weelly Aeu>iw Repen fo, r«, Week. E„di„, 2-4-69,- , Fehm.w .969, 

manned mZpt^trtt^heldTNSA V s' 

attendees follow ; comments from 


1969 

January 


24 


27 


Edgar M, Cortright, Director, LaRC 

ihe’ori't of^:“ e Zl“ at 

resupply"®'""""' "““''I I* needed for minimum 

puio^X“““' a new 

• Too advanced missions should be avoided at the outset. 

Abe Silverstein, Director, Lewis Research Center 

• NASA must do initial homework on size weieht orbit, 

experiments, loeistic suonort nnw.r ,i ^ programs and 

would all n«d?o t2ed: " —unications. These facto. 

Wernher von Braun, Director, MSFC 

and r^a^-ch'Sed^'” applications, missions, 

r” - T£.r - -ii™. s 

Robert R. Gilruth, Director, MSC 

Aplillo “ “"® “ ” - 'Wl'nse to that of 


original page Ife 

OR POOR QUAUW 


149 


skylab: a chronology 


1969 

Januory 


28 


30 


February 

3 


• Design should emphasize the utility of the space base as a waystation 
to the Moon and Mars* 

• Cargo and passenger transfer without extravehicular activity should be 
available. 

• The logistics vehicle support system should be decoupled from the 
station-building launch capability at the outset. 

George E. Mueller, Associate Administrator for Manned Space Flight 

• Perhaps the logistics shuttle system should be developed first, before 
space station characteristics arc decided on. 

James C. Elms, Director, Electronics Research Center 

• We should design for artificial gravity and maybe later use the space 
station without it. You can easily decide to stop something you decided to 
spin, but it’s a diode: you can’t later decide to spin something you didn’t 
design to spin. 

Extracts from NASA Administrator Thomas O. Paine’s ‘‘Notes From Meeting on 
Space Stations,” 27 January 1969. 

Development tests to verify the design concept of the chain drive mechanisms of 
the ATM solar array system were completed. Preliminary data and operation 
were very promising. This hardware would be utilized in assembly of a complete 
solar array to be used for deployment testing. 

NASA, ‘‘Manned Space Flight Weekly Report,” 3 Februar)- 1969; ‘‘Apollo Applica- 
tions Test Weekly Highlights Report,” 29 January 1969. 

MSFC definitized the existing letter conUact with Martin Marietta for the 
payload integration and systems engineering effort for A.\P, as well as the control 
and display console for the ATM. Estimated value of the contract was $98.2 
million. The work, begun under letter contract in January 1968, would extend 
through the end of November 1972 and covered AAP Flights 1, 2, 3, 3A, and 4. 

MSFC News Release 69-43, 18 March 1969. 

Director of AAP William C. Schneider emphasized the magnitude of procurement 
actions for the program. He pointed out that “procurement actions for AAP 
have in a sense pioneered a procurement philosophy that may be considered 
unique. We seem to constantly seek new ways, or develop procurement methods 
out of the ordinar)' to accomplish our changing program objective-s. I am 
determined . . . that procurement will not be a hindrance, but rather take the 
lead in this effort. ... I can foresee the need for even deeper and quicker and 
greater procurement involvement over the next 12 months .as the tempo of our 
program increases.” Schneider suggested that additional procurement personnel 
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be assigned to meet the needs as AAP emerged from its formative stage into full 
maturity. 

Letter^ W. C. Schneider, NASA Hq, to NASA Director of Procurement, “Procure- 
ment Support for AAP,“ 3 February 1969. 


1969 

February 


A meeting of the ATM Contamination Working Group was held at KSC. 
Representatives present were from NASA Hq, KSC, MSC, and MSFC, Experi- 
ment Principal Investigators also attended. Items covered included real-time 
contamination monitoring during thermal vacuum testing, thermal vacuum test 
plans, optical degradation from vacuum chamber operations, and cluster effluent 
studies. Several of the Principal Investigators expressed a desire for real-time 
contamination monitoring during thermal vacuum tests of the ATM. The Naval 
Research Laboratory was trying to develop a monitor for the ultraviolet region 
and was planning to submit an engineering change proposal to provide an ultra- 
violet source for the tests. This would allow them to operate their instruments 
and obtain data on their efficiency during such tests. 

“Apollo Applications Test Weekly Status Report,** 12 February 1969; NASA, 
“Manned Space Flight Weekly Report,** 17 February 1969. 

A preliminary design review for the AAP CSM inockup was held at Downey, 
10-14 February. It followed an <ts,tronaut review of the mockup 4-6 February. 
A total of 404 review item discrepancicc, consisting mainly of detailed changes to 
documentation and design, were identified. General satisfaction with tlxe mockup 
was expressed by the astronauts. 

NASA, “Manned Space Flight Weekly Report,** 17 February 1969; brochure, Space 
Division of North American Rockwell, “Apollo Applications Program Preliminary 
Design Review CSM SD69-252,*’ undated. 


Orbital Workshop solar array system preliminary requirements review presenta- 
tions were made 4 February. On 5 February problem areas were discussed; no 
major problems were identified. Primary areas of concern were time of deploy- 
ment, from power and thermal considerations, and contamination of solar cdls 
after deployment. On 13 February the board convened to dispose of the accepted 
requests for change. The only request for change of programmatic importance 
was the need for a checkout of the solar array pointing system at the Sacramento 
Test Operations Facility. 

NASA, “Manned Space Flight Weekly Report,** 25 February 1969. 

AAP Director William C. Schneider, in a letter to MSFC’s AAP Manager Leland 
F. Belew, said that Bclew’s letter of 7 January 1969 reflecting the results of a 
preliminary investigation to determine the feasibility of operating the Harvard 
College Observatory’s ultraviolet spectrometer experiment in an unmanned AAP 
mode was interesting. Schneider said the preliminary results indicated the posa- 
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'''"’‘‘y Status Report for Week Ending February 26, 1969,” 28 February 


Massachusetts Institute of Technology published its final report (R634 dated 
February 1969) covering a series of eight software tasks that had been assigned to 
them during the initial phases of AAP. Study results included a computer sub- 
routine for eSM local vertical hold; a technique for performing differential CSM 
jet firings for more precise attitude control; and an autopilot, similar to the 
present one, to control attitude during spinup, spindown, and reorientation for 
the docked CSM/LM/ATM. 

NASA, “Manned Space Flight Weekly Report,” 24 March 1969. 


A review of some potential color application processes for the OWS was held at 
MSFC with McDonnell Douglas. The prime contender for the exterior of the 
OWS was a gold porcelain enamel. Other processes in development testing were 
a teflon coating for the aluminum foil in the OWS interior and the application 
of porcelain enamel or inicatex paint for other interior areas. 


“Weekly Progt^ss and Problem Summary for the Administrator-Apollo Applications 
NASA, “Manned Space Flight Weekly Report,” 24 March 


An AAP baseline configuration review was held at NASA Hq. During the review, 
MSC and MSFC presented the results of a study of the AAP backup and 
alternate missions. MSFC led discussions on a proposed major design review and 
presented results of a study on a flexible airlock module, the status of work related 
to stowage problems, and a review of the cluster instrumentation and communica- 
tions systems. MSC made a presentation on launch windows for the AAP 
missions, gave a status report on a study of combining the AAP-3A and AAP-4 
missions, and proposed deletion of the lunar module abort guidance system. 

Letter, '''••'am C. Schneider, NASA Hq, to Robert F. Thompson, MSC, Leland F. 
Belew. MSFC and Thomas W. Morgan, KSC, “Minutes of AAP Baseline ConSgura- 
tion Review Held March 4, 1969,” 1 1 March 1969 


\xcvn extravehicular activity neutral buoyancy tests were performed at 

MSFC. Astronauts participated in both scuba gear and pressurized space suits. 
Purpose cf the tests was to evaluate the performance and procedures for moving 
film cassettes to the two ATM work stations and to perform some of the tasks 
required at these stations. Recommendations were made for the improvement of 
most of the features evaluated. As a result of the tests, equipment and procedures 
modifications were made. 


Engineering Laboratory, “Neutral Buoyancy Simulator Daily Log,” 
4 March 1969; “Weekly Progres« and Problem Summary Report for the Adminiatim- 
tor— Apollo Applications Program,” 6 March 1969; “Apollo Applications Test Weekly 
Status Report," 6 March 1969; “Weekly Progress and Problem Summary Report for 
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the Administrator— -Apuilo Applications Program,” 28 March 1969; "Apollo Appli- 
cations Tes*s Weekly Highlights Report,” 27 March 1969. 

At Huntsville, reprcsenUtives from Headquarters, MSG, KSC, and MSFC 
conducted a preliminary requirements review of various crew equipment aboard 
the Apollo Applications Program Workshop. The review constituted a significant 
milestone toward establishing firm requirements for iterts such as the waste 
management system, sleep restraints, and off-duty equipment for the crew. The 
continuous search to reduce program costs led to elimination of the automatic 
data management and optical verification systems and to simplification of the 
water system aboard the craft. Also, the hygiene system v.’ould be government- 
furnished equipment, and designers imposed strict limits on use of off-duty 
equipment. 

“Weekly Progress and Problem Summary for the Administrator-Apollo Applications 
Program,” 14 March 1969; MSFC, “Weekly Activity Report,” 14 March 1969; NASA, 
“Manned Space Flight Weekly Report,” 17 March 1969. 

A test to evaluate the hydrogen-helium ou^ -massing characteristics of the OV/S 
during passivation was conducted in the vacuum chamber at MSFC. Total 
pressure and partial pressure were monitored ove : a 40-hour simulated passivation 
period. Test reports indicated that all measurable traces of hydrogen disappeared 
in four to ax hours, while tiaces of helium remained throughout most of the 
passivation period. 

NASA, “Manned Space Fi'ght Weekly Report,” 10 March 1969. 


During an AAP briefing at MSG, Deputy nirxtor of Apollo Applications John 
H. Disher said “. . we are in manned flight today, in a position roughly com- 
parable to that in 1910 for airplanes . . . and in 1910 or in 1909, it was the 
well-known physicist of his day, Simon Newcomb, . . . who said anyone who chinks 
that the airplane will sometime replace the train is out of his mind. . . .” Disher 
was describing AAP: what the progr. n was and what it planned to accomplish. 

Text of Apollo AppKcations Program Briefing, John H. Dicher, NASA Hq, 11 March 
1969. 


A definitive contract for pa !■ ad integration i.i support of AAP was awarded to 
Martin Marietta. In addition to systems engineering ."'nd integration relating to 
the payloads for each vehicle and the entir, cluster, Martin Marietta, would 
develop and fabricate the control and displays for tl.e ATM. The major portion 
of the work would be performed at Martin Marietta’s Den^'er plant. 

NASA Hq News Re'ease 69-43, “AAP Support Contract,” 18 March 1969; letter, 
William C. Schneider, NASA Hq, to Deputy Associate Administrator for Manned 
Space Flight, “Background Information on Martin and GE Support for the AAPO,” 

17 March 1969. 
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flares and regions of the corona hidden to Earth-bound telescopes or covered by 
scattered light. 


NASA Technical Note D-5020, “Scientific Experiments for the Apollo Telescope 
Mount," March 1969. 


A critical design review of the Bendix Corporation cryogenic storage system was 
conducted at Davenport, Iowa. The review item discrepancies were primarily in 
procedures and documentation rather than in design adequacy. A NASA, North 
Amencan, and Bendix team was assigned action to update the process specifica- 
tions, quality assurance controls, and buyoffs and to complete the qualification 
test plan. 

“Apollo Applications Test Weekly Highlights Report,” 9 April 1969; “Weekly Prog- 
ress and Problem Summary Report for the Administrator— Apollo Applications Pro- 
gram,” 10 April 1969; NASA, “Manned Space Flight Weekly Report,” 14 April 1969. 


A small film canister, designed and fabricated at MSEC, was delivered to KSC 
for flight test on Apollo 10. The canister, packed with a variety of photographic 
film, would obtain information on the .sensitivity of film to the thermal, pressure, 
and radiation environment of space, in part equivalent to those which would be 
experienced by the ATM in flight. The test would also complement ground 
testing and theoretical analyses that were conducted to evaluate potential film 
fogging in a space ''nvironment. 


“Weekly Progress and Problem Summary Report for the Administrator— Apollo Appli- 
cations Program,” 10 April 1969; NASA, “Manned Space Flight Weekly Report,” 
14 April 1969. 


MSEC and MSC recently reorganized their AAP offices to reflect the realignment 
of hardware development re.sponsibilities within .\AP. The MSEC AAP re- 
organization created project offices for each spacecraft module, e.g., AM, LM, 
and ATM. The MSC AAP reorganization was structured to include four 
functional and two project offices. 

Memorandum, Robert F. Thompson, MSC, to Dist., “Procedures for AAP Correspon- 
dence to MSFC,” 7 April 1969. 


An AAP mission requirements meeting was held at MSC. The following items 
were among those on the agenda: weight and performance status; need for 
buoyancy tests and additional ballast for AAP CSM which were heavier than 
Apollo’s; and the propo.sal that a flexible scientific airlock be abandoned due to 
high cost. I 

"Weekly ProgreM and Problem Summary Report for the Administrator— Apollo Appli- 
cations Program,” 23 April 1969. 
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MSC conducted a formal mockup review of the CSM-airlock tunnel interfaces to 
establish detailed design requirements for all mechanical, umbilical, and electnc^ 
interfaces. Technical reviews underway at North American Rockwell and M 
included crew systems, fuel cells, and environmental control. North Arnencan 
was ordered to proceed with the AAP SM configuration. The return battery 
pack was deleted (batteries would be provided in the CM, and the fuel capacity 
of the reaction control system would be enlarged from 545 to 1633 kg). 

NASA, “Manned Space Flight Weekly Report,” 14 April 1969. 


An ATM-acceptance checkout equipment meeting was held at MSFC. The 
meeting ended with an informal concurrence on the content of an acceptance 
checkout equipment inter-Center agreement. The agrement covered deactivation, 
transportation, installation, and certification of satisfactory operaUon of the 
MSFC acceptance checkout equipment station. It also covered the respomibilities 
of each of the participating Centers (MSFC, MSC, KSC) with regard to the 
design, modification, maintenance, operation, and software development of e 

station. 


•‘Apollo Applications Test Weekly Status Report,” 16 April 1969; MSFC, “Weekly 
Activity Report,” 17 April 1969, 


A meeting was held at MSFC with representatives of the camera manufacturer^ 
North American, Grumman, and MSFC to review ATM camera stowage and 
handling and the CSM and LM stowage. The following areas were iscussed 
and assigned for further study: environment (thermal, shock, and vibration), 
interface control documents for the cameras and carriers; LM and CM stowage 
volume and weight limitations and their effect on camera configuration; and 
camera extravehicular activities. 


T r Winters Tr. Naval Research Laboratory, to Dist., “ATM 

ss- .6 ap^i ns ,: has*. fw. 

Weekly Report ” 5 May 1969. 


A prenegotiation conference for the AM and OWS contracts was held at NASA 
Hq. The most significant program changes concerned the following: 

. Delayed delivery of the backup hardware to conserve FY 1970 funds and 

eliminate ground support equipment duplication. 

• Deletion of acceptance testing for backup in the initial contract. 

• Deletion of certain mockups and trainer updates. 


NASA “Manned Space Flight Weekly Report." 28 April 1969 ; “Weekly Progress and 
Problem Summary Report for the Administrator-Apollo Applications Program, 
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MSFC issued requests for proposals for manufacture of solar arrays to convert 
solar energ)' into electrical power to operate the OWS. The OWS would have 
two wings covered with solar cells^ — a total area of 1 1 1 sq m. Each of the wings 
would be comp>osed of 120 sections. Together the wings would produce 12 000 
watts to power the OWS. A preproposal conference on the requests was sched- 
uled for 1 May at MSFC. 


MSFC News Release 69-116, 18 April 1969. 


NASA Hq recommended that the palatability of food and water be enhanced for 
longer duration manned flight. To accomplish this, a food development plan 
would be directed toward the following objectives: utilization of more conven- 
tional foods; resolution of stowage and preservation problems for inflight foods; 
development of facilities to enable more conventional food preparation and eating 
in space; and application of principles and practices already utilized by the food 
industry for commercid products. 

Letters, William C. Schneider, NASA Hq, to Robert F. Thompson, MSC, “In-Flight 

Food and Water System for AAP,” 22 April 1969; William C. Schneider to Leland F. 

Belew, MSFC, “In-Flight Food and Water Heating and Cooling Capabilities for 

AAP “ 22 April 1969. 

Apollo Spacecraft Program Manager George M. Low advised Robert F. 
Thompson, MSC Apollo Application Program Manager, of the problems the 
Apollo program had encountered in caution and warning systems, saying that 
“during the past two years, we have had caution and warning changes at nearly 
eytry Configuration Control Board meeting,” Low said that from that experience 
he had reached th' following conclusions: “(1) Caution and warning parameters 
should be carefully selected and, when in doubt, the answer should be that the 
parameter should not be on the caution and warning system. Only those param- 
eters that could change rapidly (e.g., between two ground stations) and that would 
require immediate action to a\’oid a catastrophic situation should be displayed on 
a C&W system. (2) The caution and warning limits should be easily adjustable, 
certainly up to the time of launch, and, preferably, even in flight. The settings 
should be adjustable so that a limit could be opened up or closed down as the 
need arises. (3) It should be possible to disable each individual caution and 
warning system in flight.” 


Memorandum, George M. Low to Robert F. Thompson, “Caution and warning sys- 
tems/' 29 April 1969. 

An OWS meeting was held at MSFC in an effort to finalize the interior OWS 
color. Flaking from exposure to the cryogenic tank temperatures precluded the 
use of an othcr\visc acceptable MSFC developed paint. During the meeting a 
presentation wiis given by McDonnell Douglas on coloring processes that were 
technically acceptable for preinstallation applications. Green alodinc was ap- 
proved for the coloring process to be used for the iUuminum foil fire retardant 
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a recom- 
mended color scheme compatible with the green alodine foil liner. 

dustt^ m am It formed part of tl.e AAP OWS 

cluster The AM would be joined to the MDA and would provide an inter- 

AM llH ‘h" S-IVB stage and the MDA in flight. The 

M would also condition environmental gases and provide instrumentation, data 
management, intercommunications, and other services. 

” 8 “• ■'"“"“"•“-Ap-ll" Aincdo,: 


Acung on a suggestion made to him several months earlier by George E. Mueller 

^ne d AAP Director William C 

memh^^ f Software Board headed by Schneider and including 

bTa7d Th"°7 ^ “ NASA Hq. Such I 

board, Schneider said, was needed so that AAP flight software could be developed 

Wly and smoothly-and with an eye toward overall system implillS^ 

%h Z f coordinating software work between 

e Centers. The board, said Schneider, would review software-related problems 
and r^uirements and would afford an avenue for management visibility^into T 


Letter, William C. Schneider to Leland F Belew MSFC RAh#»rf p xu xior-i 

and Thon,a, W. Morgan. KSC. “AAP ’ 

In reyonse to a NASA Hq query regarding computer selection for the OWS 
I u e contra system, MSFC responded that several factors influenced the 
decision to select an analog rather than a digital system. According to a thorough 
technical and cyt evaluation tradeoff study, the analog computer would saL 

colLuI 7n addV '"7" redundancy with less system 

Letter, Leland F. Belew, MSFC, to William C. Schneider NASA Hn 

A payload mtegration managtment mccling was hold at Martin Marietta Den- 
Wri with reprcse„.at,v«t from NASA Hq, MSFC, and MSC. Emphasis of the 
meenng was on Mamn Marietta resourees to eontinne the AAP, management of 
assigned tasks, and impact of the Viking Pioject, if Martin Marietta were selected 
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. . been employed by Martin MarietU to 

fo, it A containg '^/r ' Headquarter and .0 ellm.«a<c 
correlate tasks assigned by MSC, Mb 

redundancy and nonproductive effort. 

and Problem Summary for the Administra.or-ApoUo AppUcaUon* 

"Weekly Progress and ProDiem 
Program," 16 May 1969. 

I„ reviewing the last three »< 

Office ot Manned ipace ^ ^ OWS/ATM m 1972^ A 

able to carry out a keeping AAP from being conUnually impac e 

major difficulty would be m kc ? J 
the leading edge of space station acUvity. 

Uuer. Uland F. BeW. MSFC ^ ^ Self 

u \A t MSFC. Representatives 
A payioad shroud preliminary ‘‘“'f" ? ''i'™ "“an' M^cDonneU Douglas. Malto 
from NASA Hq, MSC, KSC, the most diseusnon 

Marietta and '"‘■■,to™ffor on-pad servicing and checkout, aco^ 

included access doors and ,„teystems interlacing vnth the 

criteria-requirements and tests and 

Mar 1969, MSFC. "WwVlr 

• Tnaf Weekly Highlights Report, 28 May 
"Apollo Application* Ten ^ 

Activity Report, 22 M y 

MSC Director Robert R. Gilr^h e^bed^ S 

studies were predicated upon a . elaborate space stations, th 

“mfer ol .teas ol direct impheatton fa mom eh <^„„n8tramd 

physiological effects ol weighdessnets ,„qon; data on the long- 

Lrformance capabilities of the Qualification of many new hardware 

term haibitabiUty of the station; ^ ^nt gyros, and molecular 

rmponents(e.g., iatge .»~fr^^^^^^^^ " “ 

MSC naecamm™, 69 67. -h.-l.hiara. a, Spare =-. Ta.k C.map. 

1969. 
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program should take. These options, discussed at length during the meeting, 
derived primarily from the choice of a Saturn IB “wet” Workshop versus a 
Saturn V “dry” Workshop (with several possible approaches for ATM and CSM 
operation). 

On 23 May, MSFC Director Wernher von Braun responded at length to 
Mueller’s request for recommendations from the field. Foremost, von Braun 
stated, AAP’s basic objectives (long-duration manned space flight and solar 
observations) could be achieved within present resources and schedules (though 
it would require some “hard-nosed scrubbing down” of current methods). Of 
the severaljjossible program options, the MSFC Director voted for the Saturn V- 
launched “dry” Workshop. His recommendation derived from several factors. 
A principal one was NAS.\’s astonishing record of success with the basic Saturn V 
launch vehicle. Also, several important benefits derived from launching the 

Workshop in a fully equipped configuration rather than using the Saturn IB’s 
second stage: 

• Because of greater weight carrying ability many experiments could be 
carried that heretofore had been too heavy to be included, 

• Great improvement could be made in the habitability of the Workshop. 

• Some expendables could be offloaded from the proposed AAP-4 flight, 
thus ensuring that the mission would remain within the Saturn IB’s payload 
capability. 

• Redundancy and spare components would enhance overall mission success 
and reliability. 

• The dry-launched Workshop allowed installation and checkout of all 
Workshop equipment on the ground prior to lanuch, as well as eliminating the 
complications of forcing the S-IVB .stage to serve as a propulsive stage as well as 
space laboratory. 

In short, von Braun told Mueller, the Saturn V-launched Workshop offered “real 
and solid” advantages without any attendant program perturbations. Such a 
move^ he called an organic and logical .step for gaining experience” in long- 
duration flight and said it would “allow us to qualify subsystems for the full- 
fledged space station/space base.” 

Three days later, MSG Director Robert R. Gilruth responded to Mueller and 
voiced almost the same ideas. Gilruth, too, recommended that AAP adopt the 
Saturn V Workshop concept, which was essentially the Saturn IB model launched 
aboard the first two stages of the Saturn V. Thus, AAP would enjoy the luxury 
of a “ready-for-use” vehicle of a much improved configuration. This latter 
concept pointed to achievement of AAP’s basic objectives which remained un- 
changed: 56-day missions, .solar astronomy, and— an implied AAP objective- 
early space flights at minimum cost looking ahead toward NASA’s getting an 
early go-ahead on the .space station and the space .shuttle programs during the 
latter half of the 1 970s. 


1969 

May 
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Letters, Wernhcr von Braun to George E. Mueller, 23 May 1969; Robert K. Gilruth 
to George E. Mueller, 26 May 1969; J. M. West, MSG, to Robert R. Gilruth, *‘Ex- 
tended AAP Flight Program,” 25 April 1969; Maximc A. Fagct, MSC, to Robert R. 
Gilruth, ”A Study of Apollo Applications Program Using Saturn V Launch Vehicles,” 

23 April 1969. 

AAP baseline configuration review was held at NASA Hq. MSC and MSFC 
presented a status report on weight of flight modules, measurement lists by 
modules, plans for controlling the lists, and criteria for measurement selection. 
KSC gave a rep>ort on the status of LC 34/37 equipment and facilities and plans 
for getting them ready for AAP. MSFC presented the status of a joint MSC/ 
MSFC study of stowage on AAP-2, a status report on the caution and warning 
system, and the current plan for LM/ATM extravehicular activity film exchange. 
MSC reviewed plans for the development of mission operations documentation 
and presented the results of a joint MSFC/MSC study on the use of the CSM 
to rescue a malfunctioned LM/AT/vl. 

Letter, William C. Schneider, NASA Hq, to AAP Program Managers, MSFC, MSC, 
and KSC, "Minutes of AAP Baseline Configuration Review,” 22 May 1969. 


KSC hosted a meeting of the AAP Principal Investigators to familiarize them 
with KSC facilities and equipment. Items covered included experiment time- 
lining, ATM test and checkout, KSC AAP-4 vehicle flow plans, and quick-look 
data systems. 

NASA, “Manned Space Flight Weekly Report,” 2 June 1969; “Apollo Applications 
Test Weekly HighlighU Report,” 28 May 1969. 
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26 


An OWS project management meeting was held at Huntington Beach. Repre- 
sentatives from MSFC, MSC, NASA Hq, and McDonnell Douglas attended. 
A summary of McDonnell Douglas* program status was presented, and immediate 
program problems were discussed. Some of these problems were interface doc- 
uments, preliminary design review requirements, MDA weight and volume 
requirements, meteoroid shield icing, instrumentation, trajectory requirements, 
ventilation and thermal control, mission support, and engineering mockup fidelity. 


“Apollo Applications Test Weekly Highlights Report,” 28 May 1969; NASA, “Manned 
Space Flight Weekly Report,” 2 June 1969. 


North American Rockwell briefed MSC on recommended service module reaction 
control system modifications to reduce system co :ts. The most significant of these 
changes was a recommendation to reduce the number of propellant modules from 
six to three as a means of cutting down the number of components in the reaction 
control system, the manufacturing and checkout time, and the complexity of the 
system. 

NASA, “Manned Space Flight Report,” 26 May 1969; “Weekly Progress and Problem 
Summary Report for the Administrator— Apollo Applications Program,” 28 May 1969. 
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A spacecraft fire hazards meeting was held at MSC. Representatives attended 
from Lewis Research Center, NASA Hq, Electronics Research Center, MSEC, 

KSC, MSC, and the Air Force Manned Orbiting Laboratory Safety Office. Fire 
hazard detection techniques and systems suitable for development for use on 
spacecraft were discussed. Heat-sensitive, sniffer, radiation, radio-frequency, 
mass-spectrometer, and pressure-rise detector methods were discussed. 

Letter, P. T. Hacker, Lewis Research Center to Dist., “Minutes of May 27, 1969 
meeting,” 23 June 1969. 

The critical design review of the ATM control computer was held at MSEC. All 
submodules of the flight module control computer, with one exception, were 
reported as designed. An engineering model control computer was available for 
examination at the review. 

“Weekly Progress and Problem Summary for the Administrator — Apollo Applications 
Program,” 12 June 1969; “Apollo Applications Test Weekly Highlights Report,” 11 
June 1969; NASA, “Manned Space Flight Weekly Report,” 16 June 1969. 

The DOD announced cancellation of its MOL Program. The program was 
initiated in 1965 to advance the development of both manned and unmanned 
defense-oriented space equipment and to ascertain the full extent of man’s utility 
in space for defense purposes. Following MOL termination, NASA requested 
that the MOL food and diet contract with Whirlpool Corporation and the space 
suit development contract with Hamilton Standard Division, United Aircraft 
Corporation, be transferred to NASA. 

DOD Release 491- 69, 10 June 1969; TWXs, J. W. Scheer, NASA Hq, to Robert R. 

Gilruth, MSC, 10 June 1969; William C. Schneider, NASA Hq, to Robert F. Thomp- 
son, MSC, 10 June 1969; Robert F, Thompson to William C. Schneider, 23 June 
1969; George E. Mueller, NASA Hq, to James T. Stewart, USAF, 23 June 1969; 
letters, Robert F, Thomp.son to Dist., “MSC Involvement in Tj SAP’ s MOL Program 
Phaseout,” 11 June 1969; G. J. Vccchietti to all Center Procurement Officers, “Termi- 
nation of MOL Contract by USAF,” 1 July 1969; Robert F. Thompson to William C. 

Schneider, “Termination of USAF MOL Program,” 2 July 1969. 

KSC was examining alternate methods of nitrogen purging on LC-34 and LC-37 ^ i 

in order to reduce costs of line leakage during standby. Among alternatives being 

studied were using dry air for purging lines since dry air could be used for purging 

the payload shroud; starting up the nitrogen converter compressor facility rather 

than purchasing gaseous nitrogen from .suppliers; or tapping into the supply of 

gaseous nitrogen being supplied through pipeline in bulk form at low cost to 

Launch Complex 39. 

“Apollo Applications Test Weekly Highlights Report,” 11 June 1969; “Weekly Prog- 
ress and Problem Summary Report,” 12 June 1969. 

North American Rockwell was directed to effect a three-month delay in the AAP 
eSM critical design review and in the deiivery of flight spacecraft. The delay 
was authorized in anticipation of pending AAP modifications. 


June 

10 


1969 

May 

27 


163 


1969 

June 


20 


23 


skylab: a chronology 

TWXs, Robert F. kSC "“A^AP^C^r Flight Schedule," 

can Rockwell), 18 June 1969. 

TT • f ,1 TU«;r that it was of immediate importance in planning 
)JASA Hq informe ams to understand the extent to which a 

'uturc manned space fligh P S =.,tisfv the requirements for lunar 

common CSM conjunction with the Saturn V Workshop 

exploration, as well as ^ ^ Headquarters’ desire that a 

and early support of the p< • nnmoses Some compromise in 

common CSM be evolved that could serve p P 

performance might be necessary for one o'. was 

S =,'£ -3 rsr " 

pho™ 23 June, nnd results of u more thorough assessment by 7 J y. 

T»™ Or.0^ E. M-rr, NASA H,, .. R.btn ^ GiU-.h. MSC, '«M Cnfeu- 
.a,Z.r Esntatb. »U AAP," 20 Jam lOO*. 

r^ponse to a TWXMrom 

kuecht and p„g,am Manager George M. Low. Also 

at the suggestion of Apol o Sp. ' ‘ £, Garttell ol 

listening to the “"'’'“‘T „ wmiam 0. Schneider ol NASA 

MSC. (Low had suggested the call be made 

Hq, but he was not available.) 

Kleinknecht reiterated to Disher that always been 

Uie A^llo between the basic 

given to maintaining the maximum g creatine severe constraints on 

CSM and those required lor both programs without creating se 

the objectives of either mission. 

Kleinknecht pointed out different and ALEM; 

clearly indicated some major configuration differences betwe 

• Long duration of the AAP mission. u-i-uv aaP 

. Backup reaction control oi long attitude holds. 

. Thermal characteristics of AAP mis. 10 . g m V Workshop 

. Use of batteries in lieu of fuel cells in the CSM (if the b. rn 
became a reality the CSM would be quiescent for long peno 

u AT PVT U still rcQuired to do luna.r-landing 
Kleinknecht added that “inasmuch as ■ 

minions as well as collect orbital saciu f by using a 

nenaltics that may be as-sociatcd with scar weights [weign 
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common CSM for multiple missions with modification kits usedTor ^ch mission, 
and consequent weight in the basic CSM not usable for all missions] resulting 
from commonality with the AAP vehicle. . . He also recognized that there 
would be more commonality between the AAP and ALEM should the Workshop 
become official because expendables could then be supplied to the CSM from the 
Workshop rather than carried in the CSM. He added that about three and one- 
half months had been spent in studying and defining the ALEM CSM, and a 
major change to provide commonality with the AAP CSM would result in that 
time being lost and at least three and one-half months delay in the launch readi- 
ness of the first ALEM mission. 

Kleinknecht concluded that MSC agreed in principle with Headquarters in pro- 
viding as much commonality as possible, but recommended that the 20 June 
TWX from Headquarters be rescinded and that MSC not pursue a commonality 
study with North American. 

Four days later, MSC received another TWX from George E. Mueller (NASA 
Hq) saying, . . it is our understanding that you will continue your in-house 
evaluation of the differences in requirements and the impact of these differences 
on the configuration of CSM’s to support lunar exploration, AAP Saturn V 
Workshop, and early space station missions. This further asse.ssment should be 
available for discussion by July 7 and will likely be presented to the Management 
Council in executive session on July 8 or 9.” 

Memorandum, Kenneth S. Kleinknecht to Manager, Apollo Spacecraft Program, 

*‘CSM configuration for lunar exploration and AAP,’* 23 June 1969; TWX, George E. 

Mueller, NASA Hq, to Robert R. Gilriith, MSC, “Ref: My June 20, 1969 TWX to 

You Re. CSM Configuration for Lunar Exploration and AAP“ 27 June 1969. 


A Study was conducted to determine the feasibility of providing an artificial 
gravity operating mode for a second GvVS. Study results indicated there were 
several areas of the OWS that would require unique configuration characteristics. 
Among the areas of concern were antenna location and coverage; CSM/MDA 
docking interface strength; reaction control system characteristics, propellant con- 
sumption, and attitude control logic to maintain solar orientation in the face of 
gravity gradient torques; ATM mounting and deployment provisions; and the 
ATM solar array structure. 


Letters, William C. Schneider, NASA Hq, to Deputy Associate Administrator for 
Manned Space Flight, “Artificial Gravity Using a Second Dry Workshop,” 1 July 
1969; William C. Schneider to Robert F. Thompson, MSC, “Artificial Gravity Ex- 
periment in AAP," 22 August 1969. 


A preliminary requirements review for an experiment support system was held at 
MSC. The system was being developed by MSFC for MSC. It was designed to 
provide fluids, electrical, and instrumentation support to a number of AAP bio- 
medical experiments. 
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“Apollo Applications Test Weekly Highlights Report,” 2 July 1969; ‘ Weekly Progress 
and Problem Summary for the Administrator — Apollo Applications Program,” 3 July 
1969. 

The results of a dry OWS study effort performed by KSC, MSFC, MSC, and 
major AAP contractors were presented to the Manned Space Flight Management 
Council. The basic dry OWS configuration and associated cost and schedule esti- 
mates resulting from the study were discussed and approved. The AAP Director 
then presented the proposal to the NASA Administrator. (See 18 July entry.) 

“Weekly Progress and Problem Summary for the Administrator—Apollo Applications 
Program,” 11 July 1969. 


A meeting was held at MSC to discuss a teleprinter system on che AM. MSFC 
presented a system that would be compatible with the Manned Space Flight Net- 
work and would utilize the digital command system. MSC presented a system 
that would utilize the CSM voice link, tying into the onboard audio system and 
not having to go through the environmental control system to get input data to 
the teleprinter. An evaluation of both systems would be made prior to making a 
final recommendation on a teleprinter system for the AM. 

MSFC, “Weekly Activity Report,” 29 July 1969. 

MSC terminated the development of the A9L space suit. The AL7 space suit, 
used in the Apollo program, would continue in use until replaced by a flight- 
qualified, constant-volume suit. During the Mercury program a modified version 
of the Goodrich Navy Mark IV suit was used. In the Gemini program a modified 
version of a suit developed by David Clark Company for the USAF was used. 
Hamilton Standard had overall development responsibility for the Apollo suit and 
associated portable life support system. A subcontract was awarded to Interna- 
tional Latex Corporation for development of this suit. After suit development 
was completed, the production contract was awarded to International Latex, and 
the initial suit was designated A5L. The A6L design incorporated a thermal/ 
meteoroid garment. Following the Apollo fire, the suit was redesigned to elimi- 
nate flammable materials and was designated A7L (designation A8L was never 
used). Two hard-shell, constant-volume suits were under development, an extra- 
vehicular suit was being developed by Litton Industries, and an intravchicular 
suit was being developed by AiRescarch Corporation. Both of the latter would be 
used in the Apollo Applications Program. 

“Weekly T regress and Problem Summary Report for the Adminiiitralor Apollo Appli- 
cations Program,” 11 July 1969; letters, John H. Disher, NASA Hq, to Director 
Apollo Applications Program, “Synopsis of Space Suit Development for Manned 
Space Flight,” 21 March 1969; William C. Schneider, NASA Hq, to Associate Ad- 
ministrator for Manned Space Flight, “MOL Suit Development Control” 11 July 
1969. 

A number oi organizations were studying the possibility of zero-g showers for use 
in manned space flight. In a letter J. Hall (LaRC), C. C. Johnson (MSC) relatta 
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the following: 

“MSC has some excellent filn\s of Jack Slight showering in the KC-135 at zero- 
gravity. 

“The motion pictures of Jack showering are quite re\ ealing— not of Jack, of the 
action of water at zero-gravity. . . . The interesting point is that the water strikes 
Jack, bounces off in droplets, but then recollects as jelly-like globs on various 

parts of his body. He can brush the water away but it will soon reattach 
elsewhere.” 

Letter, C. C. Johnson, MSC, to J. Hall, LaRC, “Zero-gravity showers,” 15 July 1969. 

Apollo II was launched from Pad A, Launch Complex 39, KSC, with astronauts 
Neil A. Armstrong, Michael Collins, and Edwin E. Aldrin, Jr., aboard. The 
flight went according to plan, and the spacecraft and lunar module entered lunar 
orbit three days later. On 20 July, at 1:11 p.m. EOT, Armstrong and Aldrin 
separated the LM from the CSM and began descent to the lunar surface, landing 
safely in the Sea of Tranquility at J :18 p.m. They stepped onto the lunar surface 
later that day, becoming the first men ever to achieve this goal. Then followed 
several EVAs, during wWch they collected samples, planted an American flag, 
«,nd gained the first experience of man’s ability to perform duties in the one-sixth 
gravity conditions. They lifted off from the Moon in the ascent stage of the LM 
21 July, rendezvoused and docked with the CSM, transferred their cargo to thr 
CSM, and started their homeward journey shortly after midnight 22 July, land- 
ing safely in the Pacific Ocean 24 July. 

Apollo U Missior Report, MSC 00171, Novemlxr 1969. 

NASA Administrator Thomas O. Paine approved the shift from a “wet” to a 
dry Orbital Workshop concept for A.'\P following a review presentation by pro- 
gram officials on the potential benefits of such a change. On 22 July, AAP Direc- 
tor William C. Schneider ordered progr.-.m managers at the three Centers to 
implement the change, abandoning the idea of using a spent Saturn IB second 
stage for a Workshop and adopting the concept of a fully equipped “dry” con- 
figuration— with the ATM integrated into the total pavload— launched aboard a 
Saturn V. S..:hneider ordered the Centers to reorient their resrective programs, 
both in house and under coiitmct, as necessary, to accommodate the new program 
plan. Among the actions required were 

• Termination of the letter contract with Grumman, since the LM would 
no longer be required to house the ATM. 

• Termination of North American’s stop efforts with Allis-Chalmcrs Manu- 
facturing Company for long-duration fuel cells and with Bendix Corporation for 
the cryogenic tank system effort. 

• Suspension of negotiations with North American for modifications to the 
CSM for AAP, and the requesting of a reproposal in light of the lessened de- 
mands on the spacecraft to meet AAP’s requirements. 
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. Redirection of contractual effort on the Worbhop itrclf, aj »ell as the 

Redirection of nrinor contracts and procurement, as required, as well as 
in-house efforts at the several Centers. 

Tuhed TmP.” l*ough cLplex 37 would not be rreeded. Althougl. htse 
Tansls left basic pro,?™" 

to July 1972. 

Letters, George E. Mueller, NASA ^ ‘^AP^PAD Change Request,” 

Wniiam C. S.hr=-,.== ■» MSC, .7 Juh I®. 

29 July 1969, .ith a-tachn.Ant, Manned Space Flight. “AAP 

tVilliam C. Schneider to decision ” 8 July i 969; TWXs, WiUiain 

Contract Status Pending Saturn Wor^ ^ Thompson, MSC, and Thomas W. 

C. Schneider to Leland F. Be etv, > ^ ^ yVorkshop Integrated ATM 

Morgan, KSC, ‘‘R- 0 "entat,on of AAP C. Schneider, 24 July 

Configuration,” 22 July 1969, o „ ,he Administrator— Apollo Apph- 

L*L':r:;irrr«r?« 

A meeting at MSC with P"— " 
Rockwell r«ult=d in an " for the 

’It? ^^6 L CSMs. The meeting was .neduled for 6 August 1969. 

The meeting generated much discussion on 
rhe following summarises >1-' 

"L « "'r^^Uig the cost of nrocur«uent- 

modified spacecraft io.oWed and the design status tor 

agreed the state of comple P 

monality would oc determined on a ^ determined if compror.iises 

approach. 

Kleinknecht of MSC, and Dale D. Myers of North American. 

Mcn.or.ndum, John M. Di.her and Willia.n E. Sl.mcy. NASA Hq. to Samuel C. "’ll- 
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l*ps and Williani C. Schneider N’A^4 Hr* 

1969,” 28 July 1969. ' «mnion CSM meeting at MSC, July 18, 

NASA formally announced the A A P n.^ * 

configuration-both the fuJIy outfitted Workshro''"‘H 

aboard a single Saturn V (see 1 8 TuK ^ P ^ ATM launched 

■mchanged, howm,. The schedufc c, led r® s'" "mained 

ahop would he placed i„ a The VVoeh- 

crew would ride aboard a Saturr IB into h’ i ? ‘*>Tee-nian 

atm a..ee, Ihua l.gi„„,„, „u„„ed°p:^„ “ ';,t Wo*h„,w 

NASA News Release 69-105 “AAP n.l •» i la; • ■ 

luj, aAP Orbital VVonishop,” 22 July 1969. 

firms-McDonnell Douglas and 
stations that could be developed bv the mid-Tg?^'' Th”^ ’ 2-man orbiting space 
gram definition studies we.e a DreliiHe » . * 1 -month pro- 
ducing the later 1970s and 1 980s. ° semipermanent space bases 

NASA News Release 69-108, 23 July 1969. 

for the being provided 

KSC, MSC, MSFC, Harvard C oIletre oT from NASA Ho, 

tory attended. Except for the mcchanicaI^Tr°"^’ Research Labora- 

added to the telescope system the Perkin'^n ^ ® '■equirement recently 

minor discrepancies were noted. design appeared sound. Only 

Prograi” 1 1 Xijuf, 79t9"r'NASr* VaLcd' g Application, 

August 1969. ’ Space Flight Weekly Report,” 11 

MSEC was studying three options for the A'l'M • .• 

altitude co„w,l. Option „„e badcally the Ze ATM ' T"" 

-ned maedona o, ,he analog co.p.e, 

Apollo Applications Test Weekly Highlights Report.” 30 July 1969. 

nauts^from the deZt MOL ^plojZl ^o^nSa^ A ^ 

Manned Space Flight George fI^ Mudler d" Administrator for 

MSC’s flight crews They wL Karol 1 ^Ik ruX*"" augment 

Harlsfield, and Donald I Pete^rms^F Ai '"• 

Crippin (USN); and Robert F. Ovennyt ( L. 
individuals, Mueller stated derived from tL'^^^7' ‘bese 

on the MOL project tmd ,7^1 r. e T®'" '«P'™noe 

flight programs. * *^spcci of future manned space 
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o,„«. B Mu*. “'- 

Following tlK decision lo i''’P',''”'"y'''h®"“™^^^ r4'a Hq 
oriy night LM anick to remam on Earth. > heutoR ^ 

consideration for early disposition of Smithsonian would ex- 

(act of historical interest. «7'“;™“Tr,nrte'rai. requested that MSC 

hW, LM-2 as a replica ol 'f of .he l.M-5 

consider refurbishment to provide a more accurate 
configuration before its transfer to the Smithsonian. 

TWX, S, C. PbilfR NASA Hq, .« MSC. “LM-2 Di.pwi.i~," 5 Apsp.. 1969. 

A neutral buoymtey chamber J” 

The purpose was to examine some extra . . ^ OWS configu- 

Lnfto^emtine tnStTuritrtfSe becau., while 

ration. Crewmen were somewhat neutral 

rhe suits were -tvally ,,,vity crew station 

buoyancy exercise was .ollowcc ^ evaluation 

engineering review. It consist ‘ ' -• Several modifications were 

of the ATM film replacement work stations. 

recommended. 

M.PP.rapdP.n. T. C, '^'PWr. K Navd ..\V..My Piugwu and 

jr^dnSirAp^^^^^^ — ■ .. ap.... -r ~d 

29 August 1969. 

MSFC awarded a contract to Martin srt!’and the 

lehvery ol 15 Saturn V OWS rate .could lly on 

retrofit of 22 ATM rate gyro proces.so^ The ^ P 
the OWS and would provide precise attitude cont.ol of tne UW 

ing the AI M. 

MSFC News Release 69 -173, 7 Augxisl 1969. 

.fit V Miipller Associate Adininistri\tor for 

A meeting at NASA Hq bneted ceorge l.^M 'iti, Apolln/Apolln Lunar Ex- 
M.anned Spare Flight, ™ B. Bergen, 

ploution Mixuon/AAP. f, l. M. Timtan, all of 

L E, Carroll, E. R. Grow, 0. W. J '"*- a O. Gay, Jr„ 
North American; P. I- ^ ^ ^ pjjjiw 1 . F. S.aunders, Jr., M. 
C. H. Hage, J. W. Hnghes, G, “ Hqi and H. W. Dorrs. 

Savage, W, C. Schneider, J' ^ j (y shown, R. F. Thompson, 

H. E. Gartrcll, R. C.. Hood. K. S. Mcmknctni. j. 

and H. P. Yschek, all of MSC. 
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In a memorandum for record, Kleinknecht outlined the activities of the meeting. 
The first two parts of the briefing covering North American manpower projec- 

a sutetantial reduction in required resources because of the decision to change 
from the AAP wet Workshop to the dry Workshop. They had. in fact reduced 

^ launchmadiness 

Klanknccht noted a personal concern with respect to the <*AP/ALEM schedules 

saymg t at AAP schedules were fluid and were being established before full defi^ 

muon of either the Workshop or the CSM. He said it was his understanding tilt 

in the launch, but there was no contingency 

^hlt ^ has indicated.” he said! 

that, with such an approach, schedules cannot be met.” 

aap/alem com. 

monality, CSM status and earliest effectivity of common configuration, and re- 
ur ishment of the command module for future reflight. Kleinknecht said these 
subjects were very much related and the advisability of such an approach was 

Ir^T .^r‘' ‘^‘^bnical considerations. Kleinknecht 

a ed that Muellers line of questioning made it apparent that he was extremely 

^ of providing a common Apollo spacecraft that 

could be flown for either AA? or ALEM by incorporation of modification kits 
which could be installed even after delivery. 

Heinknecht. in turn, presented MSC’s position that when you consider common- 
nn L T concern— economics and performance. Expanding 

IS, esaid: ••• we should consider the current design and manufacturing 

nn!r ■ ■ ' economical tradeoffs of delaying the spacecraft now for 

nei ejary modifications versus providing commonality, with some later effectiv- 

IvJ?. T standpoint, what is the impact of commonality 

ght on the service propulsion system propellant budget and its effect on getting 
to some of the proposed lunar-exploration sites.” * 

Mueller also emphasized his interest in refurbishing and reflying as many as seven 

command modules in support of the integrated plan. Kleinknecht again inter- 

jec ed the concern of MSC with the technical aspects of refurbishment and re- 

flight from the standpoint of structural degradation as a result of saltwater 
corrosion. -wivyaici 


AuZtTX'T "Meeting with Dr. G. E. Mueller on 

g St 7, 1969, to discuss Apollo/ALEM/AAP commonality/* 26 August 1969. 

MSEC definitized the existing contract with McDonnell Douglas for two Orbital 
Workshops for the Apollo Applications Program, converted S-IVB stages to be 
launched by Saturn V boosters. The contract was slated to run through July 


1969 

August 


8 
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1969 

Augutt 


12 


13 


13 


14 


21 


^n; -Mod 9 to Contract NAS 9 6555,” 8 August 1969. 

MSFC Contracts Ofhcc, Mod VI u 

^^C\clccommunicaUons, and 

MSFC agreed to \lD\ docking port. The barrier would isolate 

and the MDA located mside ‘he M^A ^cK p heater 

the eSM from the OWS atmosphere, thereb> reduung 

power in the CSM. 

“ApoU.. Applk«ii»n. TtJi 'J, AppUcm.p. 

,ap.« .%». 

and c— „.,M <>-'' 7 ""::, 

..Ap.„„, AppU...»..» T.a. W«U, Rcp..... ' » A»»« '» 

. . . u • .,1 AAP doUverv and laum'i sfhfdute, Iurth« ai.ering (he pro- 
NASA Hq revised AAl dtlixcr\ ^ ntatunng 

gram in light of Ixith changtj^ calkd for seven Saturn IB and two 

t:;:r;Ta:;r"- a. w««opda.cd j., 

fu-atiou, 15 August 1969. 

A ppac ra.. I.a-ds n.o.ning «a, Md 

M.lssacliiuACTO. A |l7Ki,idi-'.aiKl C.ompanv ol a nmtimious. 

p.„d„.r.cdcK,u,r,.con. 

. imd a* a priiiiarv i.vtrllcal and lin- dcl.ninii A)!-!™'' 

A,.,... .4. .», n. IN-d. » »» 

icmbcr 19(>9. 

1 ..■ , ,iiir-H t to MSC., submitted an eight- 
McOonnell Douglas CU.rporalion, undei toiUiati 

volume final report on a "Big C stiuly. 
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The study was performed to generate a preliminary definition of a logistic space- 
craft derived from Gemini that would be used to resupply an orbiting space 
station. Land-landing at a preselected site and refurbishment and reuse were de- 
sign requirements. Two baseline spacecraft were defined: a nine-man minimum 
modification version of the Gemini B called Min-Mod Big G and a 12-man ad- 
vanced concept, having the same exterior geometry but with new, state-of-t^-art 
subsystems, called Advanced Big G. Three launch vehicles-Saturn IB THan 
HIM, and S-IC/S-IVB— were investigated for use with the spacecraft. Ihe 
Saturn IB was dixairded late in the study. 

The spacecraft consbted of a crew module designed by extending the Gemini B 
exterior cone to a 419-cm-diameter heat shield and a cargo propulsion module. 
Recovery of the crew module would be effected by means of a gliding parachute 
(parawing). The parametric analyses and point design of the parawing were 
accomplished by Northrop-Ventura Company under a subcontract, and the con- 
tents of their final report were incorporated into the document. The landing 
attenuation of the spacecraft would be accomplished by a skid landing gear ex- 
tended from the bottom of the crew module, allowing the crew to land in an up- 
right position. The propulsion functions of transfer, rendezvous, attitude control, 
and retrograde would be performed by a single liquid-propellant system, and 
launch escape would be provided by a large Apollo-type escape tower. 

In addition to the design analyses, operational support analyses and a program 
development plan were prepared. 

The summary report acknowledged the cooperation of NASA Centers and com- 
panies that provided technical assistance duiing the study. Principal contributors 
were MSG, MSFC, KSC, AC Electronics Division of General Motors Corpora 
tion. Bell Aerosystem- Company, Collins Radio Company, IBM’s Federal Systems 
Division, Kollsman Instrument Corporation, Ameccm Division of Litton Systems, 
Inc., The Marquardt Corporation, Denver Division of Martin Marietta Corpo- 
ration, Government Electronics Division of Motorola Corporation, Rocketdyne 
Division of North American Rockwell Corporation, Space Craft, Inc., Science 
and Technology Division of TRW Systems Group, and Hamilton Standard Sys- 
tern Center of United Aircraft Corporation. 

McDonnell Douglas Corp. Report H321, Big G Final Kepou Logistic Spactcraft 

System Evolving from Gemini, Volume / — Condensed Summary, 21 August 19 9. 


With the AAP work at Grumman canceled, NASA Hq directed the transfer of 
acceptance checkout equipment station number three from Grumman to MSFC. 
MSC would update the Grumman station to the same general configuration as 
KSC station number six, including documentation, and would make available to 
MSFC peripheral equipment not available from Grumman. 


Letter, George M. Low. MSC, to S. C. PhilHp*. NASA Hq, 

station and associated peripheral GSE for ATM, 5 August 19 9. , • 

Phillips to MSC, MSFC, and KSC, 22 August 1969. 
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Discu^ons were held to determine the feasibility of achieving common command 
ice mo ules for use both in lunar exploration and for the OWS The 
^nsensus was diat the differences between the lunar and Earth orbital require- 
were so significant that they precluded a completely common configuradon. 

NASA Hq, to Robert R. Gilruth, George M. Low and 
n -Thompson, MSC; William C. Schneider and S. C Phillips NASA Ha to 

George M^Low and Robert F. Thompson, MSC; metL^da. Snetf S 

Ho'to w W. E. Stoney, NASA 

to W n r"’c K S. C. Phillips, 28 July 1969; note, John H Disher 

MSFp'^R preliminary design review was held at 

S' MSC, and McDonnell 

ouglas attended the investigators, astronauts, and industrial design consultants 

emphasized their desires for a more comfortable environment than would have 
been possible m the wet Workshop configuration. 

1969; “Apollo Applica- 
tions Test Weekly Highlights Report,” 3 September 1969. 

A preliminary requirements review of the OWS CSM flight systems was held at 
Downey. Dmcrepancies were discussed, and follow-up actions assigned. A num- 
ber of technical requirements impacting the CSM were not adequately resolved 
and would require extensive coordinated study between MSEC and MSG. 

“Apollo Applications Test Weekly Highlights Report,” 3 September 1969. 

KSC officials and AAP managers recommended to the Manned Space Flight 
Management Council that the Saturn IB AAP launches take place from LC-37 
rather than LC-34. They were incorporating the recommendation into the latest 
program operating plan proposals. If the recommendation were accepted, LC-34 
would be partially deactivated and placed in a “down-mode” condition. 

196?’TWrTh'^’ *’^7 m’ NASA Hq, 8 August 

Thompson, MSC. Leland F. Belew 

HgS 1%9 S'**""**"* “LC 34/37 Opemtions.” 28 


1969 

Aiifluit 

26 


27 - 2 $ 


27 - 2 $ 


2 $ 


MSFC requested McDonnell Douglas and Martin Marietta to develoo prelimi- 
nary dcsip and cost data on a number of OWS system elements that were pre- 
viously planned for m-nouse development. Among these were fixed payload 
snroud, oxygen, and nitrogen bottle installation; cooling of the ATM control and 
display; deletion of the scientific airlock; dc,sign and fabrication of the solar array 
system; installation of experiments; and MDA into- ition and checkout. 

196^'" Applicmions 


a* 
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1969 

S«pl«mb«r 

3 


A mMtine WM h«U at MSFC that provided the ATM Principal InvesUgatoni an 
opportunity to express their desires regarding ex^riment o^raMn ^g 
ni^ed periods of the ATM OWS miss, on. AAP penonnel rum NA^Hq, 
MSC arM MSFC, as well as ATM Principal Invcsnptors, ” 

vestigatoB felt suongly that their eariy participation ,n program decmons th t 
allecL experimeoB would permit a much more effect, ve expenmen, program 
without significant budget or schedule changes. 

I r Newkirk Jr High Altitude Observatory, to George E. ^ASA 

Fo Ts J^ly 1%9 6eor;e E Mueller to G. Newkirk, Jr.. 28 August ‘9^9; unoffim 
itcVof th! September 3 ATM Principal Investigator’s meeting, 10 Septem 

1969. 

The critical design ret on the ATM charger battery regulator module was 

Ld with sadsfactory resute. Numerous tesB on U,e module 

conducted. An engineering prototype was undergoing Uiermal cycle, charge, an 

discharge test. 

MSFC, “Weekly Activity Report,” 1 1 September 1969. 

Apollo documentation would be used as tile initial « 

^P. As AAP progressed, supplements or addenda would be prepared to meet 

AAP-peculiar requirements. 

TWX H. E. Gartrell, MSC, to G. W. Jeffs, North W. a NASA 

Hq, el al., “Contract NAS 9-9224, AAP Documentation. 5 September 1969. 

The objectives, constraints, and guidelines for a second OWS were stated in gen- 
eral terms along the following lines; 

. OWS would reflect the same physical features and capabilities exhibited 
by the initial Workshop and would use the flight hardware to be procured - 

InrkuD for the first Workshop missions. . 

Crew complement would consist of three men (at least one scienU 

^‘™?Operating life would be 12 to 24 months, nominally continuously manned^ 
c Orbital altitude would be in the range of 390 to 500 km at an mclina , 

Orientation would be inertially stabilized for solar arrays in either a ^lar 
or X-POP (the X-axis petpcndicular in orbital plane) mode and would permit 
experiment pointing for solar, stellar, and Earth .surNey obscivations. 

’ ^ . Experiment development schedules would be consistent with an early FY 

during the mission would be devoted to experimental 

artificial^gravh^^ eurrently developed hardwar ; to the " 

tent practical to ruduee cost, and eo.isidcrati<-n would be given to approaches 

permit significant cost reductions in payload development. 
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• Payload elements would emphasize the experimental facility approach (in 1969 

contrast to individual experiments) to the maximum extent possible. 

FY 1970 and 1971 funding requirements would be minimized consistent 
with realistic resource requirements to meet an early FY 1974 launch date. 

Letter, William C. Schneider, NASA Hq, to Managers, Apollo Applications Program 
at MSFC, MSG, and KSC, “Preliminary Mission Definition and Program Planning for 
the Second Saturn Workshop,” 5 September 1969; memorandum, H, E. Gartrell, 

MSG, to Dist., “Second Workshop Mission Planning Task Force,” 26 September *969^ 

AM simulation test plans were reviewed by MSFC and McDonnell Douglas rep- lo 

rcsentatives at MSFC. It was agreed that MSFC would do minor hardware 
modifications and that McDonnell Douglas would deliver modification kits on 
major changes to MSFC for installation. McDonnell Douglas would support the 
various development tests as observers and would participate in the tests when 
requested by MSFC. Close liaison would be maintained between MSFC and 
McDonnell Douglas design engineers so that one-g, neutral-buoyancy and zero-g 
trainers would reflect the current design configuration of the AM. 

NASA, “Manned Space Flight Weekly Activity Report,” 22 September 1969; MSFG, 

“Weekly Activity Report,” 22 September 1969. 


An OWS test planning meeting was conducted at McDonnell Douglas with rep- lo-n 

resentatives from MSFC, KSC, NASA Hq, and McDonnell Douglas. The dis- 
cussion covered the tests to be conducted on all systems of the Workshop flight 
item except the habitability support systems. A significant point in the general 
plan was that experiment equipment would be delivered to McDonnell Douglas, 
installed, and checked out, so that a completely integrated and checked out mod- 
ule would be delivered to KSC. The checkout sequence would include inverting 
the Wo^'kshop of the module to evaluate the crew quarters and experiment hard- 
ware in a simulated orbital configuration, as well as a launch configuration. 

“Apollo App'ications Test Weekly Status Report,” 19 September 1969. 

Two major directions were identified for manned space flight in the next decade. n 

These were further exploration of the Moon, with possibly the establishment of a 
lunar surface base, and the continued development of manned flight in Earth or- 
bit, leading to a permanent manned space station supported by a low-ccst shuttle 
system. To maintain direction, the following key milestones were proposed: 

1972 — ^AAP operations using a Saturn V launched Workshop 

1973 — Start of post Apollo lunar exploration 

1974 — Start of suborbital flight tests of Earth to orbit shuttle 
— Launch of a second Saturn V Workshop 

1975 — Initial spac»! station operations ORIGIN AIj PAGE! IS 

— Orbital shuttle flights OP POOR QUALiTV 

1976 — Lunar orbit station 
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1969 

StpUmbtr 


16 


17 


23 


— Full shuttle operations 

1977_Nuclcar stage flight test 

1978 — Nuclear shuttle operations — orbit to orbit 

1979 — Space station in synchronous orbit 
By 1990 — Earth orbit space base 

— Lunar surface base 
— Possible Mars landing 

Letter, George E. Mueller, NASA Hq, to Robert R. Gilruth, MSG, 11 September 
1969. 

The change in AAP from the wet to the dry OWS substantially improved the 
probability of mission success and crew safety. Some of the hardware and opera- 
tional improvements contributing to crew safety were increased payload capabU- 
ity which would reduce risks from submarginal booster performance; launching 
the ATM as an integral part of the OWS, thus eliminating an extra launch that 
involved a complex and operationally difficult unmanned rendezvous and dock- 
ing; standardizing the three manned launches, using proven software and training 
techniques, thereby reducing some of the risks associated with new operational 
phases and missions; and the powering down of the GSM to a quiescent state 
during the orbital period of operation, with a consequent reduction in wearout or 
limited-life failures. 

Letter, William C. Schneider, NASA Hq, to Acting Director Manned Space Flight 
Safety, “Semi-Annual Report on NASA Safety Efforts,” 16 September 1969, 


An ATM control moment gyro was subjected to thermal-vacuum, vibration, and 
electromagnetic interference development environmental testing. Tests indicated 
that, with proper insulation, no major problems existed in the thermal-vacuum 
area. However, with the extended requirements for the OWS, command moment 
gyro actuator lifetime was a concern. In addition to converting to a wet lubricant 
system, Bendix Corporation and Battelle Memorial Institute, Columbus, Ohio, 
were asked to study other steps that might be taken to ensure a 300-day lifetime 
for the control moment gyro actuators. 


“Weekly Pr<«res» ind Program Summary Report for the Adm.mstrat r-Apollo Appli- 
cations Program,” 22 September 1969; “Apollo Application. Test Weekly Activity 
Report,” 22 September 1969; NASA, “Manned Space Flight Weekly Report, il 
September 1969, 


An AAP test planning meeting was held at KSC. Representatives from KSC, 
MSC, MSFC, and NASA Hq attended. Purpose of the meeting was to leview 
the status of factory acceptance test planning for all modules, the preliminary 
eSM interface test requiremer . at KSC, and the KSC planning pertinent to 
conducting AAP integrated module tests. Open issues that would require resolu- 
tion included flight experiment delivery dates, flight .ATM control and display 
availability for integration into the MDA and compatibility for integration into 
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,he MDA, and compatibility oi flight and prototype ATM delivery dates to sup- 
port KSC checkout and integrated module test need dates. 

.•Apott. Applleatl™. Ten WMIy f “ 

“Weekly Activity Report, 23 September 196 , ^ u iqaq* 

Z^llAZ Admin^rator-Apollo Application, Program,” 1 October 1969; KSC. 

“Weekly Progress Report,” 24 September 1969. 

A technical managemcm review of the CSM caution and warning systen. was 
conducted at MSG. Among the topics discussed were caution warning pa- 
rameters, the effect of providing memory and inhibit capability, and the cli^t 
interface About 15 parameters would be monitored by the caution and warning 
sylL, a significant decrease from previous estimates. It appeared that ground 
monitoring would be adequate for the deleted parameters. 

1 October 1969. 

A preboard preliminary requirements review was conducted at MSG. Among the 
topics discussed were the following: 

. MSG agreed to revise the loading requirements and send nearly all food 

"pbld loaZg^'time on AAP-2 was moved back from 7 days before launch 
to about 30 days before launch. 

. Preconditioning temperatures for loading the food were relaxed. 

. ZZ of the tolerances on food constituent accuracy and temperature con- 
trols were relaxed. 

■•Weekly Progre's ,-u.d Problem Summary for ihe Admini,tralor-Apollo Applicalions 
Program,” 3 October 1969. 

An ad hoc group to fonmilate plans for defining a second OWS met at MSFC 
I’Sc igcnda included goals, constraints, guidelines, payloads, jusUfication or 
ZssioiZnUput, schedule, work plan, and responsibilities for the definition ac.vitie. 
Tradeoffs between mb'^n content and launch date, budget IcvcK and long-lc. 
evolution of manned space flight were some of the issues discussed. 

•‘Weekly Progre,, and Problem Summary for the Admini,lralor-Apoll« AppHcaUon. 
Program,” 3 October 1969. * 

A meelmg on Che habienhility suppnrc cyctem and oew T'”'™ “ 

It McDonnell Douglas. Representatives from N*\SA Hq, ^ 

Loewy and Snaith. Inc. attended. McDonnell Douglas proposed an active 
1 svstem to provide for food refrigeration, water chilling, and 

c osc - oop c prfinoscd system would require less power than the 

::il:uc . Je hen. mpn. .he Wo*h„p a.n„^ 


1969 

S«pt«mb«r 


23 


25 


:o 


Octobtr 

S 
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1969 

October 


6 


7 


8 


8 



phere. Agreement was reached on ways of improving crew comfort and com 
venience; however, implementation would depend on the results of tradeoff 


studies on cost, schedule, and technical factors. 


NASA, “Manned Space Flight Weekly Report,” 13 October 1969 ; “Weekly Progress 
and Problem Summary for the Administrator-Apollo Applications Program, 13 Oc- 
tober 1969. 


Program responsibility for Saturn launch vehicles at the Headquarters level was 
divided between the Apollo Program Office (APO) a"d AAP Office. Each office 
was responsible for ensuring that its actions with regard to common hardware 
elements and facilities were compatible with the other program. To accomplish 
this, APO would establish an individual as a point of contact on AAP-relatcd 
matters. In like manner, AAP would establish an individual as a point of contact 
for APO-related matters. 


Memorandum of understanding between the Apollo and Apollo Application, ^“8^ 
Offices on Saturn vehicle management interfaces, R. A. Petrone, APO, 6 October 
1969. William C. Schneider, AAP, 13 October 1969. 


MSFC signed a contract with General Electric Company for support work for 
AAP. Under the terms of this agreement. General Electric agreed to provide 
ground support equipment and launch systems for the ATM, MDA, and airlock, 
as well as for the Saturn V Workshop itself. 

Contract NAS 8-25150, 7 October 1969. 


For some time into the future, all personnel going into space, wheffier as crev^ or 
passengers, would need a reasonable level of training for the environment. This 
would include aircraft flying, zero-g, centrifuge, and altitude training. Dc^nding 
on final definition and mission of the space station, crews would consist of pilots, 
flight engineers, technicians, and scientists. The last three categories would not 
be trained as pilots. A reasonably stringent selection process would still be re- 
quired to ensure the compatibility of the crew. 

Letter, Robert R. GilruJi, MSC, to George E. Mueller. NASA Hq, 8 October 1969. 


A meeting was held at North American Rockwell to discuss the AM in connec- 
tion with its modification and installation in the OWS. Representatives from 
MSFC, MSC, NAR, McDonnell Douglas, The Boeing Company, Brown Engi- 
neering Company, and Ma-tin Marietta participated. Drawings, data, and an 
AM were examined. The AM would require replacement of certain matenals as 
a fire preventive measure before use in the OWS. 

Memorandum, W. K. Simmons, Jr., MSFC, to Leland F. Belew, MSFC, "Workihw 
Project Weekly Notes,” 10 October 1969. 
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applicable to AAP hardware at KSc '^”'^"*’ checkout procedures 

.I“ne74:r™:.r4f;* '»' 

■h. AAP dVlauncM S,hoJ! T-7 »P“>» »( 

the fundamental goal of the AAP WoTi, ” t'P'etedly emphasized that 
habiublhty condlL, whlmin mL^ ,717:7 «' 

nod, of time-factors that could sutuequemly b^ appM ,:",S T “"r'""® 
stanon. The AAP Workshop, Mueller affirmL .h? m“ ? 1 
cal habitability devices so tLt thr . ^ fj a number of criti- 

telect the m JdesiSe ligl ” " ““““ 

Workshop, a comb77i:i^77areml7l7l7'7 

proved deletion of the Defense Department’s sle • ®P' 

allow more room inside the wardroom. compartment expcii.Tient to 

Experiment,” le'’ Octobc^^l%”^’ VViHiam na^ Habitability 

Thompson and C. C. Johnson MSC I ala • v NASA Hq to Robert F. 

Habitability Aspects' of the'' slt 1 Thomas W. Mor- 

1969; Donald K. Slayton MSC to Man a Workshop,” 30 September 

were delineated: ’ following relationships 


1969 

October 

10 


14 


15 


rrseu. the ^u^ "P' 

Administrator for Manned Space Flight ^mistrator and the Associate 

an.,iZ'^:d?vL“pri,7xr;: "" 
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• The AAP Missions Requirement Document for the Orbital Worbhop 
configuration was published and distributed. The Baseline Reference Mission was 
scheduled for distribution near the end of November. AAP Directive No. 2o, 
KSC Test and Checkout Procedures, was approvea by NASA Hq on 10 October 
1959. 

Manned Space Flight Management Council Meeting, 15 October 1969; NASA, 
“Manned Space Flight Y^eckly Report,’’ 20 October 1969. 

21 An MSC plan to do both Apollo and Apollo Applications work at North Ameri- 
can Rockwell under a single contract was approved by NASA Hq. The Apollo 
Spacecraft Program Office and the Apollo Applications Program Office were 
working together on procedures for maintaining or reestablishing major CSM 
subcontractor capabilities. Fuel cells and cryogenic tanks were being given par- 
ticular attention. 

TWX, G. J. Vccchietti, NAoA Hq, to D. W. Lang, MSC, “Letter Contract NAS 
9-9224 — Apollo Applications CSM Program — Definitization Under Basic Apollo 
Contract,” 21 October 1969; “Weekly Progress and I’. oblem Summary for the Ad- 
linistrator — Apollo Applications Program,” 24 October 1969; NASA, “Manned 
opacc Flight Wcel.ly Report,” 27 October 1969 

22 AAP was implementing manned space flight safety by establishing systems safety 
requirements; ensuring compliance wiih established safety requirements by formal 
audits of design, test, manufacture, operations, and reliability disciplines; partici- 
pating in program milestone reviews; conducting forma! reviews anj checking 
concurrence in procedures to be used during hazardous testing, cht ^kout, laun^'h, 
and mission operations; and conducting formal tracking and dispo^tion of satety 
problems identified in various engineering analyses, mockup review; and proce- 
dural reviews. 

AAP Directive No. 31, “The Implementatior. of AAP System Safety Requirement^” 

22 October 1969. 

A special reliability analy. iS, “Descent Battery Pack Monitoring, was completed. 
The study was performed to determine the rionitoring parameters planned for 
the service module descent battery pack. The pack consisted of three 500-amp /hr 
silver-zinc batteries used lor the CSM dcorbit maneuver. Command module bat- 
teries provided redundancy for the dcorbit maneuver. 

“Weekly Progress and Problem Summary for the Ad ninistrator— Apollo Application* 
Program,” 24 October 1969. 

J7 As a result of an AAP management meeting at MM’’C, the AAP Director ap- 

proved the following changes in the OWS: reinforced floor, hard ceiling, access 
hatch, window, and wardroom concept. Inversion the Workshop floor was 
given tentative approval. 


1969 

October 
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An ATM program review was held at MSI'f' 4 T\f p • • i i 

representatives from NAS A Ha MsJ' H xi.I ’P"' 

rt.C J MSI-C attended. Amone the area^ 
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in determining whether such a program should be undertaken and That 
ur^ weic required to establish characteristics and requirements that would 
support development of large telescopes of the future. 

“Apollo Telff.'opt Mm'nr’(.A™^^ Marshall Spare Flight Center, 

George F Mueller to .Assoriaie Adn = 

Apollo Telescope Mount (ATM-B),” 31 October 1969 . ^ ^ Technology, 

A major study wa, performed by KSC, The Boeing Company, and Chry*r Cor- 
^rauon to de.erm.ne the feasibility of launching S-IB vehiele, from LC go 
faethnes and equip, „en. needed to eonver. lc-3<l to an eLaS al 

onfigurat, on were studied, a, well as estimated e». hg„„„s, pmgraZh^Ss 
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r:, 

AAPO, ^ LC-SO for AAP Sa.um ,B Launehe.,- , N.wmb.r 
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October 

27 


31 


November 
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vefo4““' would be de. 

veloped for use on extended manned spate missions. 

m ..f lhop.w... 
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1969 

November 


4-7 


12-13 
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T»o Apollo ATNI-relnlod Acrote rrcIXtF««>> porlormoMO solar 

prcUrrrmaty rosolis appeared excellent^ p„(o„„a,rce, filrrr resporrsc, and ex^rrre 
::«e'rre .O p,:.lde a nse.m a„d e«ec.l.c lecdbaclr rnro 

.he atm insrenmenrs derelopnrcn. program. ^ 

MSFC “Weekly Activity Report,” 3 Manned Space Flight, "Apollo 

MSFC, wwKy Associate Administrator 1< r Ma Progress and 

l.'™ R«Ar; T,'”AiriS» 

Srr.;S»,,aa„..r .1;. , D.e»be, .«9, 

1969; “Minutes, MSF Managcm 

rhe A\P eSM was held .t North American 
A preliminary- design review on the ^ ^he review 

Rockwell, Downey. “f'^'*dc„ees, based or a crew requirement to be 

were reindexing the CSM y . ^ before undocking from the clus er, 

able to realign the control system propellant tank farms, 

and installation provisions ^ to further review. 

Both recommendations would be subjected 

” 10 and 17 November 1969; letter, 
haSA ■■Ma»»sl Spas* «sl“ rTh.mpP'". MSC, "M-*' 

r»: J*. No.* A-mao “‘'r' -,«“■« "M—. 

rress:.--- 

OV,„ E. TeagPC. Cl.Almmn .1 ,hc ni^^ “ 

ence and Astronautics ion would offer opportunities to bring t c 

space rescue and emergency In an initial response to the 

space-faring nations of J g^f^ty Advisor and established a 

letter, NASA Hq appointed a Space 

Shuttle Safety Advisory Panel. ^ ^ 

S I Manager, Advanced Missions Program Office, 
programs,” 12 December 1969. 

During a meeting at McDonnell 

were reviewed: refrigeration, P Client. Presentations were offered on 

if on-the-pad access was required. 

, , P,,«.n, sum,-., 1... .b. Adn,lpK„..o.^-Ap.«.. APP'™” 

“Weekly Progress ant 1 romem 
Program,” 21 November 1969. 
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scrr: 

13'Nmlm'bcr ‘[ggg L*'w Nomina...(i Deputy Director of NASA,” 


pcriodicallv on r-trh n' nianagcmcnt meetings would be held 

percent of the de^' Rroiind support equipment when 30 or 40 

percent ol the design w;ls completed. 


M Nov„„i„ me. -Mi,,,,,.. MSF 


dJki r iZ, , , ■» MDA 

Tiv sn r- r L r "* “p-W p-'daced 

ports for docking with the comm iiui modules. 

MSFC, “Weekly .\clivity Report," 1> December 1969. 

An AM .sy.stcm review was held at AfcDoimcll Douglas St. Louis The re • 
p us a crew walk-through, prov ided the first concentrated crew input to the S 

AAlTsign sttT' ‘ 

MSFC, “Weekly Activity Report,” 2 December 1969. 


a 24^hmir:vct' Z 

data wo, .Id he greatly assisted by a ^ I'htnrthmke^^^^ 
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1969 

November 

December 

2-4 


9 


10 


10-11 


Memorandum, T. U. McElmurry, MSC, to Dist., “On-board time reference during 
Apollo Applications Flights,” 24 November 1969. 


A review team representing NASA Hq, the three manned space flight Centers, 
the sexcral prime contractors involved, and many of the Principal Investigators 
for experiments conducted the AAP cluster systems review at MSFC. Cluster 
hardware subjected to scrutiny included attitude con ol, thennal, instrumentation 
and communications, structural, electrical, and crew systems, as well as mission 
requirements and the overall system-level capability of the AAP cluster to meet 
those objectives. In one significant design decision, program officials decided to 
parallel the electrical power system of the ATM with the rest of the cluster 
through the airlock to increase overall reliability of the claster’s electrical power 
system. 

MSFC, “Weekly Activity Report,” 9 December 1969; NASA, “Manned Space Flight 
Weekly Report,” 8 December 1969; “Weekly Progress and Problem Summary for the 
Administrator — Apollo Applications Program,” 9 December 1969. 


NASA Hq issued a directive which established program standards for achieving 
uniformity of terms, practices, and criteria for use throughout AAP in the gener- 
ation of nonconformance data that could be readily combined, compared, and 
assessed for potential program impact. For the purpo.se of the directive, non- 
conformance was defined xs a failure or defect. 

AAP Directive No. lOA, “A.AP Nonconformance Reporting and Corrective Action,** 

9 December 1969. 


NASA Hq issued a program directive that authorized and directed the work to 
be accomplished in .\AP for FY 1970. Its mission and major flight hardware 
summary provided flight numbers and objectives, assigned by number the launch 
vehicles and the CSM, and designated the launch complexes. 

AAP Directive No. 4B, “Apollo Applications Program Work Authorization,” 10 De- 
cember 1969. 


An AM management meeting was held at McDonnell Douglas. Based on a 
review of design, test, ;ind proc urement schedules, it appeared that an extremely 
tight schedule existed on all <ispccLs of the project. 


MSFC, “Weekly Activity Report,** 18 December 1969; “Weekly Progress and Problem 
Summary’ Report for the Administrator- - Apollo Applications Program,” 1 1 December 
1969; NASA, “Manned Space Flight Weekly Activity Report,” 15 December 1969. 


Recent di.sr.uss.ions produced oral agreements by NASA Hq, MSFC, and MSC 
management to use progressive crew station reviews at prime hardware contractor 
plants for operational verification of hardware before critical design reviews. 
Some points relating to the crew station reviews were: 
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• Reviews would be conducted at xMcDonndl Douglas for the OWS and 
the AM, at Martin Marietta for the MDA, and at MSFC for the ATM. 

• Appropriate onc-g engineering mockups would be provided at each 
contractor plant. Thc.se would be continuously updated to reflect the latest design. 

Attendance at the rex iews would be held to a minimum. 

Reviews would be conducted as required, beginning in December 1969. 

• A complete crew station review would be conducted as part of the 
critical design review. 

Letter, Donalc! K. Slayton, MSG, to Manager, Apollo Applications Program, MSG 

Progressive Crew Station Review of Sat.irn V Workshop Hardware, 11 December 


McDonnell Douglas evaluated a recent test failure of a structural transition 
section window in the AM. Preliminary findings were that an improper test setup 
and procedural error probably caused the window failure. The window failed 
under a pressure seven to eight times the maximum operating pressure of the AM. 

est procedures were being reviewed and repeat testing was planned. The struc- 
tural transition section contained four windows that provided visibility. When 

not in use, these windows were protected by an external movable cover actuated 
from within the AM. 


“Weekly Progress and Problem Summary Report 
cations Program,” II December 1969; NASA, 
port,” 15 December 1969. 


for the Administrator — Apollo Appli- 
“Manncd Space Flight Weekly Re- 


Because of stringent budget restrictions MSFC was requested to carefully scru- 
tinize the ATM experiment and supporting .systems requirements and eliminate 
any exisUng or propo.sed modifications that were not mandatory to the successful 
accomplishment of the scientific experiment objectives. Modifications which were 
not yet implemented would be carefully examined to determine: 


If the requirements matched the approved experiment objectives. 

• If the requirements could be met without the change. 

If funding or development schedules would be impacted in an unfavorable 
manner if changes were authorized. 

• If alternate approaches could be taken to meet objectives of required 
changes with a less unfavorable impact on funding and schedules. 


Letter, William C. Schneider, NASA Hq, to Manager, Apollo 
MSFC, “ATM Schedules and Resources,” 15 December 1969. 


Applications 


Program, 


KSC Director Kurt H. Debus announced that LC 34 would be used for Saturn 
IB-related AAP manned launches (scheduled to begin in mid-1972), while 
LC-37 would be placed in a scmidcactivated “minimuin maintenance” condition 
Thomas W. Morgan, AAP Manager of the Florida Center, said that design of 
modifications to LC-34 to meet the needs of AAP would begin on 1 January 
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1970, while the modifications to the pad itself would begin around the end of the 
summer. The current estimate for the cost of modifying the complex and bringing 
it to a state of readiness was about $3.7 million. 


Spaceport News, Vol. 8, 18 Decunber 1969, p. 8. 


MSFC shipped a test version of the Saturn V third (S-IVB) stage to McDonnell 
Douglas to be converted into a Workshop test article for use in AAP dynamics 
and acoustics testing. The stage had earlier been used as a Saturn V facilities 
vehicle to check out manufacturing, testing, and launching facilities during the 
Apollo/Saturn V program. 

MSFC Project Logistics Office, Flight Operating Log, 2 January 1970; MSFC, 
“Weekly Activity Report,” 15 January 1970; NASA, “Manned Space Flight Weekly 
Report,” 19 January 1970. 


AAP involved the conduct of long-duration manned missions under two concepts. 
The first was the conduct of long-duration orbital missions by the use of spacecraft 
originally developed for the Apollo lunar mission operating in conjunction with 
an OWS, This concept required providing sufficient expendables to sustain 
individual long-duration missions and planning so that they would continue for 
predetermined durations as long as no major flight hardware problems arise. The 
second concept was that of revisitation and reuse of multimodule assemblies left 
in orbit. 

These concepts were influenced by two major factors. The first was the need to 
use Apollo and Gemini hardware and technology for the most economical 
accoi. ilishment of significant advances in manned space flight orbital operations. 
The second factor was the desire to exploit the long-duration operational potential 
of the hardware as rapidly and economically as technology would permit. 

Letter, William C. Schneider, NASA Hq, to Manager, Apollo Applications Program, 
MSFC, MSC, and KSC, “Test Requirements for AAP Long Duration Missions,” 3 
January 1970; NASA Handbook 8080 J, Appendix D, “Apollo Applications Test Re- 
quirements,” Change 1, 23 December 1969. 

An Earth resources experiments package (EREP) preliminary requirements review 
was held at MSC. Representatives from NASA Hq, MSC, MSFC, KSC, and 
Martin Marietta participated. Based on the results of the review, MSFC and 
MSC were reviewing the dynamic loads, vibration and acoustics, and film 
temperature environments for EREP. Discussions were also being held with the 
Office of Space Science and Applications to determine detailed plans on EREP. 

NASA, “Manned Space Flight Weekly Report,” 19 January 1970. 

The Apollo 20 mission was deleted from the program. MSC was directed to take 
some immediate actions including determination of the disposition of CSM-1 15A, 
pending a final decision as to its possible use in a second Workshop mission. 


PART II : APOLLO APPLICATIONS PROGRAM 
TWX, Rocco A. Petrone, NASA Hq, ,o MSC, “Apollo 20 deletion,” 7 Januaty 1970. 

The Air Force Ea.stern Test Range was planning to deactivate two high-resolution 
tracktng radars at the Cape. The radars provided the earliest acqui.sLn“? S-IR 

launches IsCrlo '’’^ 

j , . ' . ' ‘‘ temporar\- postponement of the deactivation until a 

until alternate radars could be specified. 

KSC, “Weekly Progress Report,” 7 'January and 14 January 1970. 

Forbid w““'' *' fi« AAP Workshop launch. 

dir ah T or’’ '“'"2 “"“<‘"'<1 with 

either a backup or second Workshop. 

TWX, William C. Schneider and Rocco A Petrone NASA Hn tr. Kfcrn x/ro/i j 
KSC, "S.»n V L.u.d. Vehicle, te, AAP," 7 S “ 9 , 0 . ’ 

Dale D, Myeni has appointed NAS,\ ,Uwiale Administrator for Manned Space 

rl'eV"”'” He succeeded Georse E Mudk' 

who Wt NASA on 10 Deecnber 1969 to become a vice president of GeneS 

vL^i^rd °G ’’Tm NASA position, Myeta was 

NASA News Release 70—4, 8 January 1970, 

The mission rcqniremcnts panel met at KSC. The baseline reference mission 

OWS "i^ “ “-degree orbital inclinaUon for 

the OWS. In current plairs, .\AP-3 would be launched on day 183 mission 

manned*™^- •‘'‘“"ches and recoverL for all the 

manned mi.-isions. The possibility that the orbit of the jettisoned payload shroud 

Sme^r' -» identify pfZ 

NASA, “Manned Space Flight Weekly Report,” 26 January 1970, 

Apollo Applications Program Managers met at MSFC and conducted a full 
re.ew of the ATM statas. .Among the items covered were the film va^f dL™ 
film te.st pro, gram, subsystems status, module ground test program, quality afd 

SetS’rZnd"’ 

NASA, “Manned Space Flight Weekly Report,” 2 February 1970. 

^•c recommendation was made that .serious consideration be given to providing 
training in solar physics to the Skylab astronauts in the immediate future Put^« 


1970 

January 

7 


14-15 


22 


Ftbruary 

4 
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of the training would be to obtain maximum benefit from the ATM experiments 
by equipping the astronauts with a well-rounded knowledge of solar physics and 
the training required for them to become experienced solar observers. 

Letter, R. Tousey, Naval Research Laboratory, to Robert F. Thompson, MSG, 4 
February 1970. 


NASA management conducted a briefing in the Health, Education, and Welfare 
auditorium, Washington. Purpose of the briefing was to explain to industry ana 
labor NASA’s plans for the coming year, following a 12-percent budget cut. 

NASA Industry Briefing, 6 February 1970. 

With the termination of the Manned Orbiting Laboratory, the Air Force provided 
MSFC with three environment conditioning units capable of delivering fresh air 
into a small enclosed space at a desired temperature and humidity. The units 
would be used during bench checks and troubleshooting on the ATM experiments 
and the related ground support equipment during storage and the preinstallation 
period. 

NASA, “Manned Space Flight Weekly Report ” 9 February 1970. 

A meeting was held at MSFC to discuss long-term storage of launch vehicle 
stages. A preliminary plan was to store four S—IVB stages and four S-^II stages in 
the Vehicle Assembly Building at KSC. Deletion of certain checkout functions 
formerly accomplished before delivery of hardware to KSC was also discussed. 

KSC, “Weekly Progress Report/’ 18 February 1970. 


Kenneth S. Kleinknecht was named Manager of MSC AAP, succeeding Robert 
F. Thompson who was appointed Manager of the newly Cctcablished Space Shuttle 
Program Office at MSC. Clifford E. Charlesworth was appointed AAP Deputy 
Director. 

MSC News Release 70-25, 13 Fcbruar>' 1970; MSC Announcement 70-33, “Estab- 
lishment of the Space Shuttle Program Office and Key Personnel Assignments,” 13 
February 1970. 
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Skylab Development and Operations 


February 1970 through November 1974 


part III 


Skylab Oevelopmenf and Operalions 

February 1970-November 1974 


^y, w» “7“"^ “ “ 

The name was proposed followinp- ;in an ’ ^ assigned to NASA. 

«eWn, a - 

the program because of budgetary restrictions Cb i ^ renaming 

NASA Project Designation Comm^t^^! h ^ ^ *<= 

gnauon Committee and was approved 1 7 February 1970. 

V 7 ’ ““ »’■ » 

1968; D. D. Myers, NASA Hq to Deoul Ad • “ October 

plications Program,” 23 Janua^ 1970^ n.or Name for Apollo Ap- 

ministrator for Public Affairs “Nami’ne of*s ^°o’ ^9. to AssisUnt Ad- 

J. Schecr to D. D. Myers, 18 Febrl'^Sro Ie.7erw^°^''=<^f’’’c I-' 
to Dist, “Program Name Change ’’ 24 Febma™ i’o7n ‘tfl NASA Hq, 

‘N/.SA AAP Designated Skylab” 24 Febrna 10*70' NASA News Release 70-30, 
N4^4Ndm«.WasLgton, 1976 5^-4402. Orfgm, <,/ 

A ground support equipment meeting was held at MSFr , n, 

from NASA Hq, MSG MSFG lUrn ii ^ representatives 

Company participating Purpose of th”"^ ouglas, and General Electric 

comnunfcaLanVodiiXanleL^^^^^ "7“ »' 

ground support equipment status and ki ^ r responsibilities, 

s;?a:\“d Td^r' “T" ■» 

associated with the ATM project. ground support equipment 

MSFC, "Weekly Activity Report,” 27 February 1970. 

^ “r - »‘p » 

change i„ - a.«b„,ad » d^g„ 


NASA, “Manned Space Flight Weekly Report." 27 February 1970. 


1970 

F«bniaiy 
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17 


19 
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1970 

February 

25-26 


26 


March 

1 


7 


9 


A meeting was held at MSFC on experiment locations in the Orbital Workshop. 
Representatives from MSC, McDonnell Dovglas, Martin Marietta, and MSFC 
attended. Several Principal Investigators also attended. In general, the experi- 
ment locations were considered acceptable. 

MSFC, “Weekly Activity Report,” 5 March 1970. 

KSC Director Kurt H. Debus announced administrative changes creating a 
Center Planning and Future Programs Directorate. G. Merritt Preston, Director 
of Design Engineering, was named to head the new element. The Center Pla- 
ning and Future Programs Directorate was responsible for space transportation 
systems. Earth-orbital vehicles, and planetary manned and unmanned vehicles. 
The Advanced Programs Office of the AAP Manager’s organization, together 
with AAP supporting research and technology tasks related to future require- 
ments, were transferred to the new group. Also a.ssimilated into the new direc- 
torate were portions of the Design Engineering Directorate’s Future Studies 
Office. Grady F. Williams, fonner Deputy Director of Design Engineering, 
succeeded Preston as Director of Design Engineering. 

Spaceport Netvs, 26 February 1970, p. 1. 

Wernher von Braun left MSFC to become NASA’s Deputy Associate Adminisr 
trator for Planning in Washington. Eberhard F. M. Rees, who had served as the 
MSFC Deputy Director Technical since 1963, became Director of MSFC. 

MSFC, Marshall Star, 4 March 1970, p. 1. 


In a statement from the White House, President Richard M. Nixon announced 
his proposed space goals for the 1970s. He listed six specific objecUves for the 
program. Objective No. 4 stated: “We should seek to extend man’s capability to 
live and work in space. The experimental space station— a large orbiting work- 
shop-will be an important part of this effort. We are now building such a 
station— using systems originally developed for the Apollo program— and plan to 
begin using it for operational missions in the next few years. We expect that men 
will be working in space for months at a time during the coming decade. 

Text of statement by the President, 7 March 1970. 


McDonnell Douglas and Martin Marietta were condacting analyses for their 
areas of hardware responsibility to determine the types, q lantities, and locations 
of materials that might present a fire hazard. They were as.stssing flash pints and 
propagation mechanisms for the various materials and areas. This would proinde 
the basis for detennining the quantity, typ, and location of fire sensors for Skylab. 


lettor William C. Sdmeidcr, N.\S.\ Hq. to Director. Manned 5>p, i light Safety 
"Semiannual Report of Manned Space Flight Safety Studies and Activities -Skylab 

Portion,” 9 March 1970. 
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Dcntnuon studies for a second Orbital Workshop (Skylab II) were under study 
Mission objectives would respond to the following major objectives: continued 
development and expansion of the ability to live, work, and operate effectively in 

practical benefits through the observation of 
barth and its environment; and the use of space for scientific research. 


MSc”kt!d'KSr Apollo Applications, MSFC, 

MSC. and KSC, Definition Studies for a Second Workshop,” 25 November 1969; 


1970 

March 

15 


disapproval of a spare bath on Skylab based on the 


* The cost was considered excessive. 

The requirement was not mandatory for mission success, 

• The schedule impact was unacceptable. 


1'f‘xT’ ^ Schneider, NASA Hq, “Space Bath” 

T h^^'^wi.Tn Douglas, to MSFC, “Space Bath 

Tub for Whole Body Cleansing,” undated. 


A GSM meeting was held at North American Rockwell. Purpose of the meetine 
was to review experiment hardware need dates and review experiment tesS 
requirements. Displays, controls, and contractor burnished crew equioment were 
satisfactory. However, .government-furnished crew equipmen and several stow- 
age areas lacked .some detail. No .significant communications or instrumentation 
design changes were necessary. 

MSC, “Skylab Weekly Activity Report,” 30 March and 7 April 1970. 


23-26 


During a NASA management tour of Skylab facilities at McDonnell Douglas 

recommended that a high fidelity mockup 
of the OWS be provided at the plant. While MSFC had an engineering mockup 
Ik ' duplicate changes made to the OWS, Kleinknecht suggested 

that MSFC, wits too distant from McDonnell Douglas to maintain up-to-date 
changes. ^ 


March SI^Aprll 3 


Memoranda, Donald K. Slayton, MSC, 19 June 1970; T. U. McElmurry MSC 4 
September 1970; message, William C. Schneider, NASA Hq, 10 September’ 1970. ’ 


NASA Hq issued its policy for delivery, installation, integration te.sting. and 
checkout of experiment (light hardware with flight modules before and after 
dchverj’ to KSC. Flight experiments would be delivered installed in their respec- 
tive modules or in bonded packages with the flight module to KSC, Experiments 
not accompanying the modules would be delivered to KSC by the integration 
center on previously agreed to dates. 


April 

3 
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1970 

April 


3 


7 


8-9 


10 


10 


Letter, William C. Schneider, NASA Hq, to Mana.q< i^ Skylab Program, MSFC, MSG, 
and KSC, “Expeiiinc't Plight P»ardvvare and dule Integration Policy,” 3 Apri 

1970. 

A KSC procurement plan for Sk>laly Program launch operations requirements 
for eSM hardware was approved by NASA Hq. The plan would provide for a 
new KSC contract covering the period from 1 December 1970 to 31 December 

1972. 

KSC, “Weekly Progress Report," G rtpii' 1970. 

A Manned Space Fl'ght Management Council meeting at KSC focused on a 
second Skylab Program. Issues discussed were whether there should be a Skylab 
II, and, if so, what its fundamental mis.sion and configuration should be, how 
long it should stav in orbit, what its experiment payload should be, and how 
manv manned launches should be planned for it. MSC recommended that 
artificial gravity and expanded Earth-survey experiments be included as major 
objectives of a second Skvlab Program. 

MSC, “Skylab Weekly Activity Report/’ 13 April 1970; memorandum, John H 
Disher, NASA Hq, to P. Culbertson, NASA Hq, “Narrative Description on Apr 
Management Council Discussion of S’Kylab M,” 3 April 1970. 


An ATM crew station review was held at MSFC. Results of the review included 
the following: 

• MSFC would investigate ATM timing sources to satisfy the 16-mm 
Maurer control and display sequence camera timing and sequencing -equirements. 

• An improved layout ot control and display - ' cuit breaker panel was sug- 

gested by the ciew, 

• The impact of providing a display designed to show the crew that the 
ATM digital computer had accepted a eonsole-initiatcd keyboard command was 
being assessed by MSFC. 

NASA, “Manned Space Flight Weekly Report,” 20 April 1970. 

A contract was awarded to itek Corporation by MSC for the design, develop- 
ment, and delivery of multispcctral photographic equipment (S190A) for the Sky- 
lab Program. The contract called for delivery by July 1971 of a six-lcns camera 
unit which would become part of the Earth rc.sour( cs experiment package in the 
Skylab missions. 

MSC News Release 70-41, 10 April 1970. 

The Skylab Program would operate under the following nus.sion const alnts: 

• All Skylab missions would use a northerly launch azimuth. 
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e mount. 

plete local vertiLl covm^e ofthr '48 c virtually com- 

• The OWS . uT . contiguous states. ^ 

mum altitude of 389 km (210 nm)^ei^irm'^*"th*^^^^ ^ 

docking port of the MDA. ^ confined to the axial 

45 P-™Lrsrr« - lea. 

Skylab Program Directive No 4S «o • ^ 

10 April I&70. ■ ■ OP'-aUons Directive for the Skylab Program,” 

^ "r AhL" l7and 

wanted to use the boo.sters and spLeshins Vl planner 

base and space .station programs \s!sistant Adr^ ^P*"*^*^ 

ported as saying NASA already was studvintr h"‘ 

19 and using its Saturn V booster and the\f ll canceling Apollo 

NASA said there was .sentiment for using A^SriTr"''*^* 

ambitious venture-base station-th-it ^ m equipment for an even more 

lor Skylab) and could be added onto muTn“ luW a ^ 

“ *'°"'d accommodate 100 men. 

Washington Daily News, 21 April 1970, p. 7 . 
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that the teleprinter be made an inflight replaceable item and that a spa 
carried on Skylab 1. 

MSFC, “Weekly Activity Report,” 30 April 1970, 

Garrett Corporation, AiResearch (ALSA) for use in 

tract by MSC for a portable astronaut life pi^ ^t^„auts performing 

of oxygen. 

MSC News Release 70-43, 23 April 1970- 
A directive defi .ing the 

Fiscal Year 1970 was issued by NASA Hq^ It ^ 

T^• • Mn 4C “Skylab Program Work Authorization,” 27 April 

Skylab Program Directive No. 4C, SKyiao r g 

1970. 

A system flexibility study was being 

the Skylab cluster in order to achieve ? , i *o ensure the rapid return of 

Th. focu, w» on to .to 

«< °ws 

to ensure acquisition of maximum experiment date. 

NASA, “Manned Space Flight Weekly Report,” 4 May 1970. 

North American Rockwell completed a 

for a 120-day mission would not present a pro 

„ M c xr-„ 1Q70 NASA, “Manned Space 
“Skylab Program Test WeeWy „ „„d Problem Summary for 

Flight Weekly Report," 8 May ^ * 

the Administrator-Skylab Program, 8 May 1970. 

• held at Marlin Marietta. Results of the review 

MDA crew station review was held . .„,.king port heat loss was such that 

showed among other things, that the • f9l6K( -70°F). Unless 

entry. 

-w„u, r"*"" 

Mav 1970. 
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A dcsicrji review was conducted of the Spacecraft Acoustic Laf)onitory at MSC. 1970 

1 he review included the physical design of the rc\ erl)cration chamber, operational 
features required for the facility, and the expected technical performance capa- ^ 

bility of the Ialx>ratory. 7 

Weekly Proiiress and Problem Sumiiiarv for the Atiministralor - -Skylab Program ” 

8 May 1970. 

The feasibility of docking a second Orbital Workshop to Skylab 1 had been under m 

consideration. However, the practical problems that would be engendered by 
such an operation were formidable. I'hey included such items as docking loads, 
docking control, flight attitude of tandem Skylabs, consumables, and in-orbit 
storage of Skylab 1. 

Letter, William C. Schneider, NASA Hq, to Associate Administrator for Manned 
Space Flight, “Docking Skylab M t.> Skylab I/’ 14 May 1970. 

NASA Hq announced that both the manned and unmanned (Saturn IB and 
Saturn V) launches of the Skylab Program would be from KSC LC-39. Previous 
plans were to conduct the Saturn IB launches from LC-34, a part of the U.S. Air 
Force Eastern Test Range used by NASA, a tenant at Cape Canaveral Air Force 
Station, Florida. However, program studies showed the feasibility of the pedestal 
concept of launching the Saturn IB from LC 39 and indicated a cost savings of 
$13.5 million. 

The pedestal would be of standard steel structural de.sign; however, there were 
unique conditions considered. One t>f these was the requirement to withstand 
engine exhaust temperatures of 3000 K (5000°F). Another dealt with winds. 

The pedestal \v;us designed to launch an S -IB at maximum vehicle allowed winds 
(j 9.4 km) and to withstand a 200-km per hr hurricane without the launch 
vehicle. 

Launch Complex 34, which became operational in I9(>1, w;ls placed in a standby 
condition after the Apollo 7 flight in October 1968. It would have required cx- 
tciLsivc updating of equipment ;uul repairs to ready it for the Skylab Program. 

NAS.A News Release 70 70, *\Skylab Lauiuh Site Change;’ 15 Mav 1970; MSC News 
Release, 70-19, 1.5 May 1970; Chrysler, Report CCISD- TR FO 800 8, Study Report 
Launch of Saturn IB/CSM From [.aunch Complex ,79, 15 April 1970; memoranda 
for record, T. F. Goldcamp, KSC, “Skylab Saturn IB/CSM Launches from LG 39,’* 

10 May aiul 19 May 1970; letters, (L Williams, KSC, to Manager, Skylab Program, 

KSC, “AAP Saturn IB/CSM Launches from LC 39,” 10 April 1970; W, J. Kapryan, 

KSC., to Manager, Skylab Pixigruni, KSCl, “Skylab Saturn IB/C^SM Launches from 
LC 39, 10 .‘\pril 1970; R. F. Ooilfrey, MSFC, to T. W. Morgan, KSC, “LUili/ation 

of Launclt Complex 39 for Skylal) Saturn IB Launches,'’ 15 April 1970; J. R. Martin, 

MSFC^, to W. Strickland, MSFC^ “Wind Consideration for Saturn IB launch from 
LC^ 39, ’ 17 April 1970; R, R. CM>dfrey to 'F. W. Morgan, 5 May 1970; D. D. Myers, 

NAS.A Hq, to NASA .\dministrator, “Skylab Saturn IB CSM Launches from LC 39,“ 

7 May 1970; '1'. W, Morgan to Disl., “Skylab Saturn IB Launches from LC -39,” \2 
May 1970; Ci. M. Low, NAS.A Hq, to Associate Administrator for Manned Space 
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FliKht, “Skylab IB Lau..dus fro... M^FcM^K^H- D-bus. 

u, C. P. A..dcrso.., U.S. ’,,, i„ ,bando.. LC- 34 a..d LC-37 and to 

KSC, “MSFC asscs 5 ...c..t of pr fw h«.,d.cs;’ 4 Ju..c 1970; W. C 

co.nmit two ...obiU- la,...ch< rs b> »'*PP ■ P„,«ran.s, KSC, ‘'Safety Aspects of 

Sdmddcr. NASA H<,. ,*’9 j„’e 1970; D. IX Myen to 

Laimdi of Sat...n IBs fr.m. y yV. Morgan, “Launch of Satunt IB 

K. II. Oebus, T> Juuc '9.0; R. L- ^ Deputy Adnuit.s- 

Vchicles fro... La...uh ,B/c;SM La.u.ches fro... La..mh Co...plex 

STi.i!ir..5rr.; ^ - "* ” 

U M . MSi r to civc NASA maniigcmcnt direct exposure to tv/o 
A meeting was held at MSI C o g li„ General Electric Company 

proposed concepts for urine collcc . - volunie measuring subsystem. Fair- 

presented their concept (or a urine sampl • collection 

Im Hiller Corpc,r.uou primed .hc.r ™«p. J ™d1„,egrauon 

and sampling salts, mcin. . pmpn P Douglas. Following the 

each of .!,« syslenw »» L FalrchUd Wller 

presentatioas it was agreed th.i ^ ^.t^ucted (or verification in zero gravity 

functions were effectively displayed. 

, M<lFr to Disl “Urine Collection Briefing Minutes.” 

Skylab Program,” 5 June 1970. 

During a Sh,.h Worhshop 

rected to proceed with the ^.^uld simulate actual equipment 

OWS. The niockup ant m^a Jf P j„_dcpth reviews of the 

to the extent necessarv j^,D,„„ell Douglas, Huntington 

tasks. The mocKup would be located 

Beach facility. 

o oi Vtnv lh70- NASA, “Manned Space Flight 
MSFC, “Weekly Activity Report,” 21 May 1970, ISAS 

Weekly Report,” 25 May 1970. 

The AM static 

modified m be^me die dynamic test article 
used in the payload aitscmbly vibroacoustic test at MS .. 

MSFC. “Skylah Progra.n Office Weekly Activity Report,” 2 June 1970. 

The ATM critical design review was 

Board meeting at MSFC. This review gave formal approva 


MSFC, "Skylah Weekly Activity Report,” 21 and 26 May 1970. 
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«P'«'«a>iv=s tarn NASA 
the design Centers. ^ ^ ^ by 

J^-. NASA -S.Wab Logistics 

proved^b^T Apollo Program Offices at KSC was ap- 

Manag/o, ^^7 «' 

Manager, ApoUcSkylab, on 5 June 197^ "™'“ 

■■Designation of A^Utg”^ DefL^tg ’ p™a,„ 7"” Manager," 1 June 1970; 

Progress Report,” 3 June 1970. onager, 5 June 1970; KSC, “Weekly 


s?bU™ ‘ from Mai^hall. It was 

the MSP thra ‘‘"d vacuum extremes of a space environment in 

atm. vacuum chamber as part of the qualification program of the 
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MSFC, “Skylab Program Office Weekly Activity Report.” 9 June 1970. 


ment definitired a letter contract keued in March 1969 

MSC News Release 70-62, 4 June 1970. 


PtidlnTcT'' «■«> Singer-Gene 

rtf fU ’ ’ competitive negotiations leading to a contract for dcvelonmi 

ot the crew training aim„|a,„r f,„ ,|,g Skvlab Program “ MSC ^ T 

:ic ~gi:je; 

MSC News Release 70-64, 5 June 1970. 


Sc. fa 

1 't^Ivcd work on systems integration for the MDA T 


MSFC Ctintraets Office, 
145 to Contract NAS U 


Mod. I l l to Contract .NAS II 
24000, 18 June 1970. 


24000, 9 June 1970, and Mod. 
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NASA announced selection of Honeywell, Inc., of Boston for award of a contract 
for the design, development, and delivery of a 10-band multispectral scanner 
instrument for use in the Skylab Program. The multispectral scanner would be 
flown as part of Skylab’s Earth resources experiment package. Purpose of the 
scanner would be to detect and measure radiated and reflected solar energy 
from materials on Earth. 


NASA News Release 70-99, 18 June 1970. 


Representatives from McDonnell Douglas and MSEC attended a meeting at 
MSC to discuss crew participation in the OWS factor)' checkout. Crew com- 
partment fit and function was the main topic of discussion. Because of the 
meeting, McDonnell Douglas was in a better position to plan the man-machine 
portions of the checkout. 


MSFG, “Weekly Activity Report,*’ 25 June 1970. 


An AM crew station review was held at McDonnell Douglas. A discussion on the 
content and conduct of the critical design rcview-crew system review was held. 
General agreement was reached that the AM/MDA stowage should be reviewed 
to the maximum extent possible. 


“Manned Space Flight Weekly Reports,” 22 and 29 June 1970; MSFG, 
Activity Report,” 25 June 1970. 


‘Weekly 


General Electric Company, Valley Forge, Pennsylvania, was awarded a contract 
for the design, development, and delivery of a microwave radiometer-scatterom- 
eter/altimeter instrument for the Skylab Program. The instrument would be 
part of the Earth-resources experiment package, which also included a multi- 
spectral photographic facility, an infrared scanner, and a 10-band multispectral 
scanner. Objectives of the microwave radiometer-scatterometer/altimeter experi- 
ment would be to determine the usefulness of active and passive microwave 
systems in providing information on land and sea conditions. 


MSFG Gontracts Office, memorandum of contract action, 19 June 1970; MSC News 
Release 70-70, 22 June 1970. 


An OWS fire study meeting was held, with astronauts and system safety person- 
nel participating. A study was initiated to cover such items of fire safety as escape 
routes for the crew; materials and flammability; fire detection and extinguisher 
locations; suit locations; effect of fire debris on the command module; ground 
monitoring of fire detection; pressure buildup from a fire; and crew response 
after 50 days in space. 


NASA Hq, “System Safety Weekly Activity Report,” 1 July 1970. 
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f- 2b days. The sreoa J ST “ da'^'^S'^ »' 'P- "i^l 

'bred, also 56 days. w,„m “aald operate telescopes. H.e 


MSFC PAO. Visitors Program Record. 29-30 June 1970. 


A ^1^ ElecS' clpan^ Corpoiatio, 

Apollo eSM and LM guidLce and n. . Provid 

at KSC for the Apollo and Skylab Pro^ams.°" 
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“bieh were desig^d aa';, bail, by tamL’E” ““ 

spaceport News. 2 July and 30 July 1970. 
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July 

1 


of an L-band microwav'I^adilmet^et for 1°’^ 

meter would measure brightness and ten^^ *" Program. The i 

the Skylab ground track. * iperature of the terrestrial surfa 

MSC News Release 70-86, 4 July 1970. 

Concern over the Skylab (SI \ frsmei 

Orbital Workshop led to an cxchaneror"" habitability aspects of 

cuss, on on the subjects during a Skylab considerable 

sonnel from NASA Hq, MSC KSC c \Fqv'^ MSFC. 

the items discussed were elimin r ’ ^SfC attended the review. Am 

d^opment system, need fn, aVTntertfto^M' '°°f ’ 'b' ' 

«dor scheme of the OWS interior. P or to the ' 
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creperature requirements; the food oren ,■ * ®Scnda included free 
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,:o„q.i; ami (ood slowasc icquircnKiils. Other items at major interest tvem 

the following: 

. The basic desisn philosophy was manirn.ed, with some 
. The basic coiiriituration was rcalTirnied; some agrecmciius were made to 
modify “ystems^nd to investigate othets. redecting recent cn^neenng 

design SL ..0 rcalhrmed. 

. Thecosl plan was not deviated Irom, although concern was expressed . 

ability to eoinplete the program ^ j SMay-mission dnrauon 

• The open-ended philosophy for the lo day ana ) 

was planning guidelines were modified to encourage more em- 

phasis on experiments time allowance. 

TV • » A 1 itilv 1970- “Weekly Progress Report for 

“Minutes of Skylab Program Rcv.ew, ‘?o/,„,,„„randa. C. C. Kraft, Jr., 

the Administrator- Skylab Progiam, J Anril 1970* C A Berry, MSG, 

^towagf S Food System Changes.” 13 Jrdy August '^970^ 

Schneider, “Changes in Skylab Program > .j C. Schneider 

tti R. F. Thompson M ., ; ^ ht “Deletion of requirements for perishable 

1969; W. C. Schneider to K. S Klcinkn , ^ 

food,” 26 May 1970; R. R- ^ Hq, 15 June 1970; 

R. R. Gilruth, 27 May 1970; F F M. Jde to Manager. Skylab 

E. F. M. Roes to R, R. Gilru.h Pood Aboard Skylab,” 19 

Program, MSC, “Deletion of ‘ _ -q, ^ p Bclcw to K. S. Klein- 

knecht, “Engineering Design Chaivg^ *^ehncidcr, “Food .system interface with orbital 

,rSc „ MSC. 13 A.sm, ,970. 

r:! 1 ..,Kti„i„„ «. » dumge intcgmt.o„ and conhgntatton 

control system. 

MSFC Contracts Office. MOD 150 to Contract NAS 8 24000, 8 July 1970. 
the external OWS windows. 
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Change Order 128, Contract NAS 9-6555, 


Schedule 11, 17 July 1970. 


MSFC modified an existing contract with McDonnell Douelas for nddV 
men. required lo acivatc and npcraie .heZoZhoTtd'T “f ‘‘ *T°" 


MSFC Om„, MOD 55 NnS 9-5555 Schedule „ ju„ . 5 , 0 , 
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KSC awarded a contract plans for adapting 

vchlcll A 1-nchcr-umhihcal tower would 

minor modification would e were assembled and checked out before 

Assembly Building, where fixed-price contract had a performance 

spaceport News, 30 July 1970, p. 5. 

Skylab Program Managers Thmn^ Iglment on the 

:r rriofr:;:™; 

checkouc ol .he ATM a. all touena and the AM down.. 

“MSC/KSC/MSFC rM%™“n«nW a.°K^ '®“i 

Slp^'t'ki; S«‘‘ .a™. KSC, - WeeU, -PO". 

12 August 1970. 

A .Henn. adUnde »n.»l . - «v.ew "d.e’a^ 

isolaUng d,e 22dx..de cold gas con.d .1 would 

from leakage was rcjectc on c „sing control moment 

r ^ t*: ”;cr 

Ipace Flight Management Conned snstamed the .eject, 
of August 4, 1970,” 

A special change review board was urgent change, 

needed by rontractots. Emphasis airlock module, and 

The initial meeting won d cover C. sihneider m.d John H 

dSnASaI^^U- F. b“cw (MSFO), Kenneth S. Kleinknecht (MSC), 

and Thomas W. Morgan (KSC). 

W*.n C. Sthud-er » -SI. F. Bd... K.„..h S. Kt.inkmeh,, .ad 
Thomas W. Morgan, 4 August 1970. 

. „f -II ftifvlab Program directives appli- 
An MSFC Saturn Program Office review indicated there 

cable to the launch vehicle was con ^ 5^ j b directives and Saturn 

was no incompatibility between requirements of the y 
practices as they pertained to the launch vehicle. 

Utter R. O. smith. MSFC. to W. C. Saturn Program 

nffi^ ImDlemcntation of Skylab D.recuvcs. 6 August 
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A critical desi^Jii review for the AM was held at McDonnell Douglas. Personnel 
from NASA Hq, MSC, KSC, MSFC, and McDonnell Douglas participated. The 
review was a detailed technical examination of the total AM, including the en- 
vironmental control systems, electrical and power management, data and com- 
munications, structural and mechanical, and other miscellaneous and experiment- 
support systems. 


Memorandum, D. M. Green, McDonnell Douglas, “Critical Design Review,’* 13 Au- 
gust 1970; McDonnell Douglas, “Airlock Program History, 1966-1974”; NASA, 
“Manned Space Flight Weekly Report,” 24 August 1970; letter, L. F. Belew, MSFC, 
to W. C. Schneider, NASA Hq, “Airlock Module Critical Design Review,” 22 Sep- 
tember 1970. 


A meeting was held at MSFC on the OWS in-flight microbiological and odor 
contamination requirements. Personnel from MSC, MSFC, LaRC, McDonnell 
Douglas, Martin Marietta, Brown Engineering Company, and the U.S. Public 
Health Service attended. Considerable discussion centered about the need for 
a general biocide for disinfecting within the entire Skylab and the requirement 
for a high-level working group to review and solve microbiological growth prob- 
lems for the entire cluster. 

Letter, Leland F. Belew, MSFC, to Kenneth S. Kleinknecht, MSC, “Minutes to the 
OWS In-Flight Microbiological and Odor Contamination Requirements Review, 
August 14, 1970,” 9 September 1970; D. D. Myers, NASA Hq, to Robert R. Gilruth, 
MSC, 26 August 1970. 


A week-long critical design review of the Skylab MDA was completed by NASA 
and its contractor teams at Martin Marietta’s Denver division. This was the 
final technical review before approval for manufacturing flight hardware. 

MSFC News Release 70-168, 27 August 1970; MSFC, “Weekly Activity Report,” 2 
September 1970. 


MSFC issued a modification to an existing contract with McDonnell Douglas for 
Skylab Program work. The modification would pay for the conversion of the 
original OWS to be launched by a Saturn IB booster to a completely outfitted 
Workshop to be launched by a Saturn V, Originally the plan was to launch the 
second stage (S-IVB) of a Saturn IB into Earth orbit. The S-IVB would be 
filled with fuel so that it could propel itself into orbit. Astronauts launched by a 
second Saturn IB would then rendezvous with the empty stage and convert it 
into living and working quarters. A decision was made 21 May 1969 to outfit 
an S-IVB on the ground and launch it ready for use on a Saturn V. 

MSFC Contracts Office, MOD 84 to NAS 9 6555 Schedule 11, 27 August 1970. 


A group of MSFC engineers successfully completed a week-long testing of Skylab 
Program hardware in simulated weightlessness aboard a USAF KC-I35 four- 
engine jet research aircraft. Tests included operation of flight-configuration doors 
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Sketch of the multiple docking adapter. 


for film cassette compartments, retrieval and replacement of film cassettes, and 
evaluation of handrails and food restraints. The KC-135 was flown in parabolas, 
with 30 seconds of weightlessness achieved on each parabola in a technique that 
closely duplicated zero-g. 

MSFC News Release 70-169, 28 August 1970. 


NASA published a new Skylab launch readiness and delivery schedule which 
called for a Skylab 1 launch on 1 November 1972. The change was initiated as 
a result of the implementation of an interim operating plan which deleted two 
Apollo missions and called for completion of all Apollo missions by June 1972. 

NASA Hq Schedule, 31 August 1970; TWX, William C. Schneider, NASA Hq, to 
Leland F. Belcw, R. G. Smith, L. B. James, and W. Teir, MSFC, Kenneth S. Klein- 
knecht, MSC, and Thomas W, Morgan, KSC, *‘SkyIab Action to Implement the 
Interim Operating Plan,” 3 September 1970; NASA, “Manned Space Flight Weekly 
Report,” 8 September 1970, 

A Study to determine optimum utilization of Launch Complex 39 culminated in 
the following assignments: 

Apollo 14 

Launcher UmblLcal Tower 2 
High Bay 3 
Firing Room 1 
Pad A 


Apollo 15 and subsequent 

Launcher Umbilical Tower 3 
High Bay 3 (Post-Apollo 14) 
Firing Room 1 
Pad A 


ORIGINAL 

OF POOR QUALOT 


208 



PART m: SKYLAB DEVELOPMENT AND OPERATIONS 


Skylab 1 


Launcher Umbilical Tower 2 
High Bay 2 
Firing Room 2 
Pad A 


Skylab 2, 3, 4 

Launcher Umbilical Tower J 
High Bay 1 
Firing Room 3 
PadB 


Letter, Thomas W. Morgan, KSC, to Dist., “LC-39 Facility Utilization,” 


2 September 


would be r«,ui,ed. ' Ploo-i-g and design 

sSS'’FTgr"„Lt;Sc’ “■ “winine,,,, 

giu, International Cooperation in the Skylab Program,” 4 September 1970. 

A study, which was initiated in April concerning a second Skvlah Prrwrram u a 
second set of Skylab missions would provide a useful and worthwhile rontimiatinn 

t r&f >-a--w™rb“ 

lor ihe Soar, 9b .0 "n “ 'oasible program option if future funding 
lor the Space Shutde Program fell behind the anticipated gmwth rate. 

-« MW 

A multiple docking adapter critical design review board met at MSFC with reom 
sentation from NASA Hq, KSC. MSC, and MSFC. This meetlgToncE 
cntical design reviews on the MDA and the AM. ^ 

NASA, “Manned Space Flight Weekly Report,” 21 September 1970- MSC "Skvlah 
Weekly Activity Report,” 18 September 1970- K-SFC “VVr,.l,l a • n ’ “ 

September 1970; “Minute, of the MdVS S’m 7 t 

me MUA CaUK Board Meeting,” 24 September 1970. 

HunS,aT“'‘?°’’b“o”’' “"duoted at McDonnell Doug- 

iSkoImdl iS" NASA Hq, MSC, KSC, MSFC, and 

McDonneU Dougla, parttepated. The review was eonduetru b.. panels represent. 

LrftS ■‘“P''"- Areas of potential major in^. 

»d 

N— Tw.-WwU, 

Singer-f^ueral Precision, Inc., Link Division, Houston, was selected for the award 
a contract to deugn, develop, install, and support a SkyUb .simulator to provide 
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. .SOLAR ARRAY 
/ PANELS 


ATTITUDE CONTROL. 

THRUSTERS 
|3 NOZZLES EACH. . 

, . 2 PLACES! 


VfNTlLAllON 

S^S1B|(PUCTS. 

> \ : ‘V 


forward compartwient 



AFT COMPARTMENT 


' WASTE DISPOSAL 
AIRLOCK 




CHARACTERISTICS 

• WEIGHT 

35.380 80 KILOGRAMS 
178.000 LB) 
•DIAMETER [TOTAL 
6 71 METERS 
122 FT I 

• LENGTH TOTAL 

14 63 METERS 
i48 ft; 

• VOLUME HABITABLE 

295 26 CU METERS 
10 426 CU FT 


Sketch of the Orbital Workshop. 


1970 

S«pl«mb«r 


16 


21 


24 


astronaut and ground crew training at MSG. l-he simulator would scive as a 
ground-based trainer with controls and displays similar to those used during 
manned operations. It would also be operated in conjunction with the command 
module simulator and the Mission Control Center to provide complete mission 

training. 

MSC News Release 70-101, 15 September 1970. 


George M. Low became Acting Administrator of NASA until a successor cou 
be chosen to replace Thomas O. Paine who had resigned to return to General 
Electric Company. Low served in that capacity until the appointment of James 
C. Fletcher as NASA Administrator in March 1971. 

TWX, A. P. Alibrando, NASA Hq. to all NASA Installation Public Information Of- 
6ces, 15 September 1970; AUronautics and Aetonautie$, 197 1. p. 69. 


A Saturn Workshop crew station review liegan at MSFC as part of the Skylao 
Program. Nine astronauts participated in the week-long review conducted in a 
Workshop mockup. Government and industry engineers monitored the a-stronauts 
progress L they “walked through” many of the Workshop tasks. Medical expen- 
nents scheduled for the Skylab Hight were reviewed. 


Lettei, Uland F. Belew. MSFC. to William C. Schnendrr NASA Hq. 21 October 
1970; MSFC, “Weekly Note for Week Ending 25 September 19/U. 


A technical status review was conducted at North American Rockwell. Among 
the major topics covered were suUystem, critical parts, stress corrosion, cost reduc- 
tion, property disposition, and manufacturing and test progr.tms. North Amei- 
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-n„. 

NASA, “Manned Space Flight Weekly Rep.^rt,” 5 October 1970. 

tra« Sirgttlled ATM ^ 

g covered ATM irission support at MSC and MSFC. 

Msrc Com„„ 0*„, MOD 205 ,„ C™„„ naS .-24000, 25 S,p».„ „,o. 

A Skylab SubojoKm Review Team wa, eotablkhed with C. W. Maihew. (NASA 

Review,” 25 September 1970. ^ Subsystems 

«M -- ;.e„ 

s::^crri:Lrr: “ 

MSFC, "Weekly Activity Report,” 8 October 1970. 

toSoL?",T‘""e°" "'°*"« ‘^™“P a >™„,ary aate 

L T?f , '*■“ ®'“"“ 'PP'i“tione, .he Office o( Advanced Re.^ 

— aS-r st;ss :zz ^ ,ss;trrk " 

;:SnTeS'j'r " S'“ ^“ve^haSr 

n'S'e, oTO."‘“"'“ '" 

LrSve.^trd:drpeZ;^^^^^^^^^^^ t ,r 

in tiie MDA th. • ,r in the film vaults, installation of vent valves 

m b.e MDA ffic window .e.„ program, and MDA TV oystem reqniremcnta 

"" A4.,inln,.„^Sky.,b j. 

A reliabilily a^ncnl repirl on CSM rendcavoir, m.ineuvers wav releaved The 
«P 0 D covered ennea, i.e,n. „( ,he gnidance and navigation Toluysle^ 


1970 

S*pttinb«r 

25 


25 


28-30 


29 


October 

13 
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1970 

October 


20 


21 


30 


Nov«mb«r 

2 


service propulsion svslcm, and service module reaction control system dunii" t.. . 
rendc/A-ous maneuvers. 1-ive mission-success single failure poi.its vvcrc identified. 
Three of the.se were also crew-safety single failure points. 


N.\S.-\. “Mai>iu-d Spacf l'lii;ht Weekly Report 
and Problem Summary for the .\dministrat..r 


26 October 1970; "Weekly Progress 
'skykab Program." 26 October 1970. 


MSC announced plans to construct a d.M k and to dredge a channel in Clct^ 
Lake adjacent to the east gate of MSC u> facilitate shipment of large Skyiab 
test articles, l^pon completion of dredging, the waterway would be 2 m deep, 
18 m wide, and 914 m long. 


MSC News Release 70 117, 20 October 1970. 


Russian CosmunauB Vitaly I. Scvaslyatiov ami Adrian 0. Nikolayev were bnrfed 
on the Skylab ntWon tinting a tour ol .M.SFC. Sevttstyanov and Ntkolayev had 
prcviouslv been selected by the International .\cadcmy of Astronautics lOf 
1970 Daniel and Floreiue Guggenheim International Astronautics Award. The 
award, which was presented annually for outstanding contribution to space re- 
search and exploration, was awarded to the cosmonauts for their 17-day Soyuz 9 
»vilccir\n 9- U) Tunc. 


MSFC, Pf<.co.< erring I.ahonUoty Neutral Buoyancy Simulator Daily Log. 21 

Octol)cr 1970. 


George M. Ixiw (NASA Hq) wrote to E. E. Davis, Jr., Sdence Advisor to the 
President: ‘'To forego Skylab would have a powerful negative impact on .xstron- 
„niv and earth resources surccys. It would leave the U.S. withmit 
for any future manned mission decisions. It would surrender to the U.S S.K. the 
option of having the first real space station in orbit. It would leave undcrdevclopc 
the ilesirahle prc< edcnl of openly shared manned flight pmgram scientific and tech- 
nical results, a pos.sibilitv currentlv undersi ored by the discussions in Moscow on 
the suggestion that the U.S. and U.S.S.R. use common docking hardware m 

their orbital spacecraft.’’ 

Letter, George M. Low. NAS.\ Hq. to K. E. Uavh. Jr.. Science Advisor to the Pre«- 

dent, 30 October 1970. 


NASA Hq concurred in the transfer of management responsibility from the Apollo 
Program to the Skylab Program at KSC for Launcher Umbilical Tower 1. High 
Bav 1. Firing Rt'om 8. and Pad B for Skyh.b 2, il. and 4 missions. Approval for 
the reassignment of Apollo facilities to support the SL 1 mis,sion would be accom- 
plished in later correspondence. 


Letter, R. A. Petrone .at.d W. C. Schneider, NASA Hq, to Manager. Apollo-SkyUb 
Program., KSC. "LC 99 Facility Utilixalion." 2 November 1970, 
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between 

for an SL -1 launch, 9 Novei.iber 1972 - Sr 9 * in m schedule called 

January 1973 , and SL- 4 , , ^3 > 972 ; SL- 3 , 19 

WbWFSrWn^hTi,'”"'*"® 

to an 8 -n,m tramn siae ZEnf' »' ""= Ma“«r 16 -mm caninra 

launch intervals and launch pad tcTT'"' *“t”'uts; 

and manpower levels and work-cost relatktna ’ ‘“fay plan; 

N.l^^mt^‘';rO.‘' "t’ “ “»■ ManatPr. Mertin,,.- ,6 

An EVA critical design review was held at the <?L-vls.K i 
neutral buoyancy simulator, MSEC. The week-lonp 

naut performance under normal Farth • • ? review included astro- 

ard simulated weightlessness in the nenfTH' *" Workshop mockup 

from MSC took pan in thfre'et^:^^^^^^^ ~ 

November 1970; MSFC New, Relea« 
November 1970”- NASA “Mann»rl c rr l "-eport for Week Endine 17 

••Wedtl, Pntsnn »d P,sJLrs.X"?m?A;’ "‘™’ 

2 December 1970o ^ Administrator — Skylab Program,” 

A 90 -day manned test symposium was held at LaRP » 

NASA, industr,, and ttnivcnntics attended PrimanT^S «'Pt«nta,tves from 
symposium were water management -,t u ' covered during the 

lamination, atmosphere supply, wa.ste* Purification, atmosphere con- 

selection and training habitabilitv bel • rnanagement, crew 

nredical and physiological asp;cts, .Id 

Symposium,” 27 NovcmbeC^’l 97o''^ Simmons. Jr., MSFC, “90-Day Manned Test 

MSFC. Duri’a^e “ 


1970 

Novtfiib«r 

5 


9-10 

Visr 


16-20 
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1970 

NovamtMr 


18 


18 


19 


23 


D«c«mb«r 

2 


Letter, C. W. Mathe«-» to E. F. M. Rees, MSFC. 18 Jam.a .7 1971; ^SFC Nev« 
Release 70-235. 17 Noxxmber 1970; “Weekly Progress and Problem Summary for the 
Administrator— Skylab Program,” 2 December 1970. 


The Skvlab MDA flib'ht unit was Hown from MSFC to Martin Manetta’s Denver 
division where it was to be outfitted with controls and display panek for »lar 
astronomy and Earth resources experiments, storage '.aults for experiment film, 
and a thruster attitude control system. 

MSFC Project Logistics Office, Flight Operating Log. 18 November 1970; MSFC, 
"Weekly Activity Report for Week Ending 24 November 1970. 

The NASA Education Programs Office was studying the use of Skylab missions 
as a focal point for a substantial national education program. Particular interest 
was being expressed in environmental and ecological education, possibly m co- 
operation with a new program under the U.S. Office of Education. The educa- 
tional activities would include teacher workshops and preparatory cou^ pnor 
to the mission, use of real-time television during the mission, and post-mission use 

of film and other data. 

“Weekly Progiess and Problem Summao’ for the Administrator— Skylab Program,” 

18 November 1970. 

NASA Hq established a flammability, explosion, and toxicity policy for material 
selection, c.ontml, test, and evaluation on the Skylab Program. Continuous em- 
phasis was being given to the importance of the materials program and its re a- 
tionship to crew safety and mission success. 

Skylab Program Directive No. IGA. “Skylab Program Materials Policy," 19 November 
1970. 


Saturn V launch vehicle SA-515 was designated as the backup launch vehicle 
for Skylab 1. Management responsibilities for the vehicle would be similar to 
those for the primary launch vehicle, SA-513. 


TWX, William C. Schneider, NASA Hq, to R. G. Smith and Lcland F. Bclcw, MSF^ 
Kenneth S. Kleinknecht, MSC. and Thoma. W; Morgan. KSC, backup Sa urn 
Uunch Vehicle for Skylab,” 23 November 19-0; letter, William C. Schnadcr to 
Leland F Bclcw, R. G. Smith, Kenneth S. Kleinknecht, and Thomas W. Morgan, 
“Amendment #2 to October 13, 1969 Memorandum of Understanding ^tween the 
A^llo and Skylab Program Offices on Saturn Vehicle Management Interfaces, 2 
1Q7H 


A presentation on a proposed Skylab medical experiments chamber study wt« 
made at NASA Hq. Personnel from NASA Hq, MSC, and Ames Research 
Center attended. Following the presentation, MSC was authorized to proceed 
with the planning and design of a 56-day preflight chamber program to e con 
ducted before Skylab 1 and 2. The program would later become known as 
SMEAT (Skylab medical experiment altitude test). 
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Tcchnici^ at McDonnell Douglas Astronautics, Huntington Beach, prepare the 
Skylab Workshop test vehicle for shipment to MSC and MSFC to undergo de- 
sign verification tests. The test article was subjected to acoustic, vibration, and 
St ‘hat would be encountered during launch and 


p'" NASA Hq, to Manager, Skylab Program, MSC, "Sky- 

lab Medica Experiment. Chamber Study,” 3 December 1970; Christopher C. Kraft, 

Ctetibt^S ud?''rr’T .oTf™*"’ ^*'dical Experiments 

"Skvlab M?nf I F * >971; memorandum, Christopher C. Kraft to Dist., 

Skylab Medical Expeninents Chamber Study," 1 1 January 1971. 

A ground-test version of the Saturn Workshop was shipped from the McDonnt 
ouglas facility at Huntington Beach, to the Michoud, Louisiana, Assemb 
Facility. It wodd undergo testing there until 30 December and then would I 
shipped to MSC for extensive ground tests. This Workshop was a vereion t 
one that would be used in the Skylab Program to accommodate teams of thr« 
^ronauts for sta>s of up to 56 days in Earth orbit. NASA planned to launc 
the Skylab cluster with a Saturn V vehicle in 1972. Called a “dynamic te 
article, the Workshop model would be tested at MSC to verify its bending an 
vibration characteristics. The Workshop was .scheduled to arrive at Michou 
December p.nd MSC 5 January. 

K70-'^MSC ^i!‘Tk w 24 Decern, 

ber 1970, MSC, Skylab Weekly Activity Report,” 13 November 1970. 


A rtudy was underway to determine the advisability of providing the Skylab crews 
with fresh foods. The main area of concern centered around the probability of 
invalidating medical experiments becau.se of the chemical in.stability of the fresh 
food and the wide variation between the .sources of food lots. 


1970 

D«c«mb«r 


4 


16 
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,/•! • 1 M«;r to William C. Schneider, NASA Hq, I’erish- 

r 

lab Programs, “Perishable Foods,” B Janoary 1971. 

The payload 

.o';. ^«i.n o. .i,c am as S.,.ab « lauached 

into an Earth orbit. 

msfc, “W.sklv .? ."d td*- 

S"L Ad.,nd...„-SWUb P,oS»n," d J»-.y 1*7.. 

\riTwsThfit": 

eapabilUv fail while .he CSM were docked .o d.e OWS "^^now „ KSC. 
u,e .wo ™a..ned hhylah -.dd be .h^ n». CS^ ^ ^ „ 

tp2: U^oo,d b. .a„„cbed wi.b a .wo.„ao 
crew aod «.ura wi.h U.C addi.ional .hree as.ronauB. 

TWXs, William C. Schneider, lifjSA Hq. w ^b^Rerwe,” 24 September 

Kleinltnecht, MSC, atd Tltenn.. «j “™f ’r „ Smith. Kenneth S. Klein- 

1970; William C. Schneider to ^clan _ stxxdy" 24 December 1970; memo- 
knecht, and Thomas W_ Morgan, Sky ^ ..Skylab Rescue Study.” 

randum, William C. Schneider to M. F Sed^ck.JSA q ..j^,,,i„g_skylab 

22 December 1970; memorandum f- Skylab Pro- 

Rescue,” 24 December 1970; letters, April 1970; William C. 

gram, MSC, “Study of Rescue Csipa i ^ ^ “Skylab Rescue 

Icbneider to Manage. Sky a^^^^^^^^^ S,, p.,ram 

Study,” 6 January 1970^ wop c»fetv Studies and Activities for Congressman 

Teague,” 2 October ^910,K^G, We y 8 Administrator-Sky- 

December 1970; ^ RockweU Studies, SD70-263, “Skylab 

lab Pr.4gram," 5 Jamuary 1971. N<’«h -A j 2 ^ “Skylab Rescue, 

E,««. Vehiele/ThW ..Rdjendi.n „, Skyl.h Rew.te Mioion," No.nmb.r 

Xms'c Skyl b.w.» » Newentb., 1970. 

The Orbital WoA^op l„w'o„“janra^ 

testing scheduled to .yj^ustic environments generated met simulated 

i .bc Skyfab duHng Sk,U.b i liW and Sky.ab > ntakifaUfa 

gravity. 

“Skylab Program Test Weekly V ^97'ir22 January 1971, and 27 
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Report;- 1 rSry '971; NASA. “Manned Space Flight Weekly Activity 

a. yespo.- 

contractor.’ test sites was approved integration activities at module 

« ssi kv °r'r' »y=«em ... 

during launnh, inChLl^ aS"’ »y '-!> 

to measure respiration rate, heart rate body tem ’ “‘"^''^hicular activities 
No Significant problems were revealed in electrocardiogram 

w« scheduled hr mid.Ma„:h. ^ “*al derijn 

for .he 

% w» elaborated on by NASA 

«"'"l planning and anal.aritid L'T™"‘ -"““S™"' wonld 
“f'™"-* by d,e responsible ■'“y-day manage- 

designed to provide a backgroun^cr^^^ Physics 

Sun in real time were made usin^ T rf phenomena. Studies of 

MSCs »lar telescope to ,l.e 0 '^, TV » bring pie.„ 

MSC News Release 71-01. 15 January 1971. 

NASA requested proposals from potential IT ^ 

1 vestigationii of data to be acquired fro.i *he F rh experimenters for 

to fly on the manned Skvlab spacecraft in I f Package 

a^uig the value and direct appS„ro? n "i "-d fn 

geography, fore.stry, geology hvdmlr °b.scrvations in agriculture 

jectives of FR FP ” “ ’ "^drology, oceanography and r'-.rt °i 

j , were to extcndu.se of sensnrv. ^ P"^’ ‘^"d cartography. Ob- 

Ttovide an cariy 


1971 

Jonuary 


14 


14 


15 


19 
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1971 NASA News Release 71-5, 19 January 1971. 

January 

A meeting at MSC reviewed Skylab fire extinguisher requirements. Representa- 
tives from MSC, MSFC, and NAS.\ Hq attended. MSFC described the physical 
distribution of flammable materials within the OWS, AM, and MDA. MSC 
and MSFC representatives agreed to a joint tour of module contractor facilities, 
beginning 22 January, to review the location of flammable items. Recommenda- 
tions would be developed from these reviews for the number and locations of 
fire extinguishers required for Skylab. 

“Weekly Progress and Problem Summary for the Administrator— Skylab Program,” 

27 January 1971. 

19 NASA Hq issued a directive which established, for the Skylab Program, the 
Headquarters-to-Center relationship in the area of configuration management, 
a.s well as pertinent configuration control board (CCB) controls and reporting 
requirements. 

Open work at KSC, associated with hardware and software delivered to KSC, 
would be kept to a minimum. All hardware and software, including changes 
approved for incorporation, would be completed in the contractors’ plants before 
delivery unless specific approval to the contrary was granted to the responsible 
Center. The concurrence of the KSC Skylab Program Manager would be re- 
quired in all such actions. 

Skylab Program Directive No. 34, “Skylab Program CCB Controls and Reporting 
Requirements,” 19 January 1971. 

19-21 The solar array system critical design review was held at TRW. Significant dis- 

cussion concerned 

• Failure of individual cells due to shadowing by attitude changes; however, 
possible solar array degradation appeared to be within acceptable limits. 

• Soldering inspection techniques which would be tightened to conform to 
NASA specifications. 

• Use of the deployment spring material (titanium); TRW would furnish 
MSFC additional details on its use. 

“Weekly Progress and Problem Summary for the Administrator— Skylab Program,” 1 
February 1971 ; MSFC, “Weekly Activity Report,” 8 February 1971. 

20 MSFC reviewed options for obtaining television surveillance of EVA and the 
exterior of the Skylab for scientific and ojxTational purposes. These included TV 
camera cable dragout from the AM TV input station through the EVA hatch; 
externally mounted TV input stations and mounts requiring an astronaut to 
connect the camera cable to the stations; and a TV camera mounted on the 
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experiment T027/S073 (ATM contamination measurement) photometer ex- 
tension mechanism. Of the three, MSFC favored the T027/S073 concept. 

TWX, Lcland F. Belew, MSFC, to William C. Schneider, NASA Hq, Kenneth S. 
Kleintoecht, MSC, and Thomas W. Morgan, KSC, “Addition of External TV to the 
Skylab Program’s Basic TV Capability,” 20 January 1971. 


Status of the Orbital Workshop potable water system design and development 
testing was the subject of a meeting at McDonnell Douglas, Huntington Beach. 
Completed tests failed to indicate either the presence or absence of any system 
problems such as corrosion, rapid iodine depletion, and high ionic content 
McDonnell Douglas was unable to determine the expected ionic levels for vari- 
ous metallics developed in an ion-exchange bed to remove undesirable metallic ions. 


MSC, “Skylab Office Weekly Activity Report,” 29 January 1971. 


An MSC-MSFC Skylab mission data-interface agreement describing the division 
of responsibilities, mutual support, and interface procedures established between 
MSFC and MSC in the execution of their mission data handling tasks was ap- 
proved by Christopher C. Kraft, Jr., for MSC, and Eberhard F. M. Rees, for 
MSFC. 

MSCM 8010, Program Management Guide, 25 January 1971. 


An ATM experiments Principal Investigator meeting was held at Boulder, Colo- 
rado. It was designed to ensure total agreement on experiment objectives, de- 
velopment, operations, and data analysis, as well as to ensure that crew and 
mission operations requirements would be met. Representatives of MSFC, MSC, 
and Martin Marietta attended the meeting. The scientists who propo,sed the six 
solar astronomy experiments also attended the meeting. An update of the pro- 
posed Martin Marietta facilities designed to support Skylab was presented. The 
solar data from ground observatories needed to support mission operations were 
described by National Oceanic and Atmospheric Administration personnel, and 
their recommendations were agreed to, with the .stipulation that additional data 
were needed. The ATM film .study identified .some problem areas to be resolved, 
such as temperature control and radiation protection for film. 

“Minutes of ATM PI Executive Meeting,” 26 27 January 1971 ; MSC, “Skylab Pro- 
gram Office Weekly Activity Report,” 5 February 1971. 


KSC awarded a contract to The Boeing Company for the reactivation, operation, 
and maintenance of Launch Complex 39 launch support equipment in support 
of Skylab. 


KSC Scheduling and Review Procedure, 3 February 1971. 
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1971 

January 

29 


Fabruary 

2 


2 


3 


3 


A Skylab trainer review was held with representatives from MSC, MSFC, and 
the eontractors to review the trainer module status and delivery schedules, the 
trainer configuration management program, and the contents of the trainer torn- 
over data pack^es. Due to the slip in the Skylab launch dat^ into 1973, all 
module trainer delivery dates were being reassessed. (See 13 April 1971 entry.) 

MSFC, “Weekly Activity Report,” 12 February 1971. 


During recent OWS progressive crew station reviews, concern had been ex- 
pressed about a trash airlock failure, contingency trash disposal methods, and the 
possibility of repairing a failed airlock. In an effort to alleviate the concern, the 
MSC Systems Safety Office made an analysis of the problem. As a result of the 
study, the Systems Safety Office recommended that the following be considered 
for adoption within the mission rules for Skylab : 


• Provide detailed contingency provisions and procedures for suitable dis- 
position of perishable items within the OWS, to allow mission continuation. 

• Familizirize crews with trash airlock repair instructions. 

. Provide flight-qualified, nonffamr.iable, gas-tight, trash stowage bags and 
a suitable biocide to be used for in-house trash storage if the trash airlock faUed. 

• Provide contingency procedures for external OWS stowage of trash dur- 
ing scheduled extravehicular activities. 

. Do not redesign the present trash airlock system unless testing shows 

deficiency or identifies additional single failure points previously undefined. 


Memorandum, M. L. Raines, MSC, to Manager, Skylab ^ 

tern Safety Analysis of the Orbital Workshop trash \ 

1971; study, K. W. Irwin, Boeing. “System Safety Analyses of the Orbital Workshop 

Trash Disposal Airlock,” 2 February 1971. 


Martin Marietta’s biomedical storage cabinet design was reviewed to establish 
acceptable constraints for use of molded polyurethane foam in storage drawen. 
The drawers were found to be insufficiently tight when closed, creating a potenti^ 
hazard by allowing an unlimited oxygen supply should the foam be ignited. It 
was also suggested that free foam particles would be created by storage container 
use because of shape cutouts in the foam. Investigation of nonflammable cor- 
rugated cardboard as an alternative to the foam was progressing. 

MSC, "Skylab Program Office Weekly Activity Report,” 5 February 1971. 


An MSFC/KSC inter-Center review of the OWS ground support equipment was 
held at McDonnell Douglas. No design changes were identified. 

MSFC» "Weekly Activity Report," 12 February 1971. 


A Skylab briefing was held at the MSC News Center. Participants included 
WUliam C. Schneider (NASA Hq), A. J. Calio (MSC), C. A. Berry (MSC). and 
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‘Traiucript, Skylab Briefing,” 3 February 1971 . 

S'rS'lhlT;?' *' W'w«y point when 

« 1 H >• MSC. D„„L 2 “ 

„?rr„Zur 

Z“‘cr.o?K; ;9,f 

this lea siL/”tT^"ri ^ significant cflFort to improve 

this area since it directly impacted the schedule slip. ^ 

“Skylab Program Engineering Weekly Statu, Report,” 10 February 1971. 

i" f of 

Panel, appolnte. h. .he NA^SA 

rington, President, Douglas United Nuclear Rirhlnnri w u* »n 

a^e., ae^e./„, .e iun..t::^;re:rh;"ht^^^^^^ 

craft, and the proposed reusable space vehicle (space .shuttle). ^ 


MSFC PAO, Visitors Program Record. 8-9 February 1971. 


KSC awarded a contract to the Holloway Corporation of Titusville Fl.rlri, * 
wmtruct a launcher-pedestal for the Skylab Program. The 38.7-m-tJl peiit^ 

viicl« couW St"® “ that manned Saturn IB spaci 

Holtr launched from facilities supporting the larger Saturn V rockets 

S ‘0 '30 dey, .f^e't" 


KSC Scheduling and Review Procedure, 31 March 1971. 


n.gh. Cnw. H« would ,™um. hh new duties eltec.i,e 15 February. Before 
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appointment as Deputy Director, Lucas was Director of Program Development 
at MSFC. 

Erich W. Neubert — serving in the capacity of Acting Deputy Center Director, 
Technical, as a temporary assignment— returned to his former position as Asso- 
ciate Deputy Director, Technical. 

The poation of the Director, Program Development, vacated by Lucas, was as- 
sumed by James T. Murphy in an acting capacity. 

MSFC Organization Announcement No. 0101-6, “MSFC Key Personnel Announce- 
ment,” 10 February 1971: letter, E. Rees, MSFC, to R. R. Gilruth, MSC, 24 February 
1971. 


An MSFC in-house review of experiment and cluster system compatibility found 
significant discrepancies between controlling documents for experiments. Since 
Martin Marietta supported both MSFC and MSC in configuratl-rn management 
and integration/develcpment, MSFC recommended that Mariin Marietta be 
directed to proceed with preparation of complete change packages for all ex- 
periments, to bring them up to date. 

Letter, Leland F. Belew, MSFC, to Kenneth S. Kleinknecht, MSC, “Experiment 
Document Discrepancies,” 25 February 1971; “Skylab Program Engineering Weekly 
Status Report,” 3 March 1971. 


Acoustic testing of the OWS dynamic test article was completed at MSC, Dur- 
ing the final testing, the dynamic test article was exposed to the full intensity 
of the aerodynamic acoustic environment to qualify the Workshop structural 
design. No major problems were encountered. However, vibration levels in some 
areas exceeded the established criteria. The new vibration levels were given to 
McDonnell Douglas, and adjustments in the qualification test criteria were made 
as appropriate. 

MSFC, “Weekly Activity Reports,” 18 and 24 February 1971; NASA, "Manned 
Space Flight Weekly Report,” 22 February 1971; MSC, “Skylab Program Office 
Weekly Activity Report,” 22 January 1971 ; “Weekly Progress and Problem Summary 
for the Administrator — Skylab Program,” 24 February 1971. 


A meeting was held at McDonnell Douglas with representatives from NASA 
Hq, MSFC, Martin Marietta, and McDonnell Douglas. Purpose of the meeting 
was to resolve AM open issues resulting from a Martin Marietta/NASA Hq 
review. Significant issues re.solvcd were adequate definition of contaminant levels, 
adequacy of existing design and verification for meteoroid protection, and tem- 
perature and humidity control through the environmental control system. 

"Skylab Program Engineering Weekly Sutus Report,” 3 March 1971. 
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1971 

Ftbrupiy 

17-18 


A preUminary design review of the Skylab food system was also conducted at 
m conjunction with the inflight medical support system review. The food 
s^lem would consist primarily of the food food containei^, and food canistem. 
It was being developed under contract by Whirlpool Corporation. Principai 
are^ of concern were compatibility of the food system to medical experiments 
and menu planning to ensure proper variety of menu. 

for the Administrator— Skylab Program ” 


d r !i system was con- 

ducted at MSC. The system was being designed and built in house by MSC 

using off-the-shelf hardware to the maximum extent possible. It would provide 
a capability to treat minor illness or injury that could be reasonably diagnosed 
and treated in Earth orbit, to permit Skylab mission completion. 


MSEC granted Intei national Business Machine Corporation (IBM) a contract 
modification for the manufacture of instrument units (lU) for Saturn launch 
v^icles. The modification would extend IBM’s delivery schedule for lUs through 
31 December 1973, to be conr.patible with the extended ApoUo and Skylab 
gram launch schedules. IBM was under NASA contract to build 27 Ills for 
atum vehicles: 12 Saturn IBs and 15 Saturn Vs. Ten of the Saturn IB units 
and 12 Saturn V units had been completed. All work was being done at the 
company s facilities in Huntsville. The original lU contract had been granted 
to IBM in March 1965 for the fabrication, assembly, checkout, and deUvery of 
the 27 units and related support functions. 

MSFC Conlracu Office, MOD 1915 to Contract NAS 8-14000, 23 February 1971. 

George M. Low, Acting NASA Administrator, presented NASA’s FY 1972 bud- 
get request to the House Committee on Science and Astronautics: FY 1972 
projects— iiKludmg Apollo 15 and 16, two Mariner spacecraft, the first Earth 
esources Technology Satellite, and continuing work toward future flights of 
ApoUo 17, Skylab, Earth resources and Applications Technology Satellites, and 
N^wng probes— represented “the fulfillment of enterprises of the 1960s, the tailing 
^ to completion of work in progress for many years. By 1974 the number of 
NASA space launches per year will have declined from 26 in 1966 to 8. After 
the Skylab missions in 1973, we face at least four years in which there will be no 
United States manned flight. 

“Five years ago here were over 390 000 people in industry employed on NASA 
work. By the end of FY 1971 that figure will be about 108 000. The decline 
wdl continue for a few more months, but we expect it to start increasing by the 
imddle of FY 1972, with the end-of-the-year total being about equal to that at 
the beginning.” U.S. was “running a serious risk of losing too much of the atro- 


23 


March 

3 
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1971 space capability that is an essential ingredient of our long term national strength 

. and security.” 

March ’ 

U.S. Congress, House, Subcommittee of the Committee on Appropriations, HUD- 
Space-Science Appropriations for 1972: Hearings, 92d Cong., 1st soss., 1971, pp. 

1022, 1054. 

3-4 A Skylab experiment ground support equipment review was conducted at KSC 

with representatives from KSC, MSC, MSFC, and affected contractors. The 
ground support equipment, test support equipment, :ind facilities required to 
support experiment test and checkout at KSC were identified. Experim^^'t de- 
velopment Centers would furnish experiment-peculiar ground support equipment, 
and KSC would furnish the test support equipment and facilities. 

KSC, “Weekly Progress Report,” 10 March 1971, 

4 A plan was devised to provide a rescue capability for Skylab in the event the 

crew became stranded in the OWS because of failed CSM. The rescue capa- 
bility was based on the assumption that the stranded crew would be able to wait 
in the Skylab cluster with its ample supply of food, water, and breathing: r<ases 
until a modified CSM ca cable of carrying five crewmen could he la ^nci cd. If 
a failure occurred which stranded the crewmen in their CSM, this rescue capabil- 
ity would not be possible. 

N.ASA Fact Sheet, “Skylab Rescue Capability,” 4 March I97i; memorandum for 
record, John H. Disher, NASA Hej, “Skylab Rescue Briefing, 1 March 1971 ; TWX. 
William C. Schneider, NASA Hq, to Kenneth S. Kleinknecht, MSC, Lcland F. 

Bclew ami R. G. Smith, MSFC, and Th<mias W. Morgan, KSC, “Skylab Rescue 
Capability,” 10 March 1971. 

4 Dale D. Myers, NASA Associate Administrator for Manned Space Flight, testi- 
fied before the House Committee on Science and Astronautics during hearings 
on NASA’s FY 1972 authorisation bill. During the past year, design and essen- 
tially all phases of development testing had bc^r. completed for Skylab, and flight 
hardware was in fabreation. Definition of Space Shuttle was nearing comple- 
tion. To develop a limited capability to rescue Skylab astronauts from space, 
NASA had initiated design action on a modification kit to give Skylab the 
capacity to carr>' tw'o men up to oiiv^ and five men back to Earth. Stranded 
astronauts could use the Skylab cluster as shelter while the modification kit was 
installed and the Apollo-Saturn IB launch vehicle assigned to next revisit was 
made ready for launch, 

U.S. Congress, House, Subcommittee on Manned Space Flight of the Committee on 
Science and Astronautics, t972 NASA Authorization: Hearings on :i98I (Suprr- 
Sided by H R. 7109), 92d Cong., 1st sess., 1971, pp. I and fT. 

5 A Skylab configuration control hoard teleconference was held, w ith MSC, MSFC, 
KSC 4 , and Headquarters program offices participating. Four items were dis- 
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fueTrHI protection, voice scrambler, CSM schedules, and 

Lin ofT?^M structure cro. 

provL Tesl f T micrometeoroid was ap- 

tn J f resolution of the GSM’s predicted capability 

to meet mission safet / requirements. ^ 

*^"’5 '■>' P„. 

With the teence ol the Launch Complex 34/37 Phaseout Plan, Skylab Ptoemm 

Z^rT‘M’”“u ?' '"t ““ >'™inf>ed Al- 

SJoI, ? Sp«ce Shuttle engine testing had been 

fmm N^’a TT,"''' were to be nnnoved 

from NASA operational facilities inventor)\ 


KSC Scheduling and Review Procedure, 31 March 1971. 


A meeung was held at MSG to identify the facilities required to support Skylab 

nSa H ® p T?®'" from KSc!^SC, and 

determined that the capabilities of the Lunar 

would be adequate for preflight and 
postflight acuvit.es when the crew was at MSG. The KSG facilities Ld to 

a3d f ^ 1 •"Edifications would be re- 

qumed for plumbing and electrical services, added workbenches, and perhaps 
some unique laborator)^ equipment, ^ ^ 

Administrator-Skylab Pro«ra<- 

MSFC modified a contract with Chrysler Corporation to authorize additional 
work •" the Saturn IB program. Chrysler was the prime contractor for the first 
s age ^^e Saturn IB, which was assembled at the Michoud As.sembly Facility in 

Linrs?turriBb '""dification, the company would maintain 

nine Saturr IB boosters in storage. Three of the nine vehicles were for the Skylab 

Program and would be launched in 197.3. Tho.se three, plus a fourth that would 
Krve as a backup, would be maintained and modified as nece.ssary under terms of 
thrs contract. Pmlaunch checkout of the Skylab vehicles would also be a^om- 
phshed under this >^dification The period of performance was from 1 January 

th th ' ‘he vehicles were located at the Michoud Facility • 

the other three were at MSFC in Huntsville. 

To 8-4016 Scheaulc t. 


Agreement was reached between KSC and MSFC that the Centeis would perfonn 
he Skylab clu.ster design verification tests at KSC and integrate these te.sts with 
basic prelaunch cluster integrated system checkout activities. In this way the 
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development Center would be provided udequute 

» ♦ .r,.n«,re that cluster design verification accomplished and that require 
It.: o„7oC«Xu, .L development Center and Ute launeb operauon 

Centers would be satisfied. 

gram Office, MSFC, 16 March 1971. 

NASA Hq teued guidelines lor the EREP program. Annmg the guidelines ol- 
fered were the following : 

. Projected cost overruns would be reviewed to detennine whether they 

could be reduced by acceptable changes in the work package 

. The contingency for each contracted effort would be held to 10 percent 
• The Skylab Program Director would be notified of any change w 

'“t'S^tion would be given by MSC and MSFC to the establishment 
of an inter-Center EREP management team. 

Wlllian. C. Schneider, N.VSA H,. to M.n.ger., Sh,bb Pn.,»n.. MSC e»i 
MSFC, “EREP Costs,” 11 March 1971. 

Orbit'd Workshop vibration test objectives, test article status, 

SX: and L — 

— aint, that the inithtl run could 

proceed on schedule on 19 March. 

Memorandum ES6-3/71 027, R. E. Vale, 18 March 1971. 

An inter-Center agreement defining the policies, proc,cdm-cs, and 
for planning and conducting experiment integration 

tors’ test sites was approved by Skylab Program Ntanagers Kenneth S. kleinknec 
(MSC) and Lcltuid F. Bclcw (MSFC). 

MSCM 8010, Program Management Guide, 15 March 1971. 

A Skvhb trainer meeting with represen.alive, (mm MSC and MSFC. Kviewed 

1 d iterXLe Im the maji.r Skylal. .miner modules and expenmen. 

traincR the schedule for initial acceptance, and the training hardware 

data package icquirements. Delivery dates were reviewed, and a 

ttibhshed It was agreed that MSC would develop a list of trainer hardw. , 

Seiner systems, and develop the trainer 

The following Skylab training modules would be delivered to MSC. OWS one g 
^"o*k one.g trainer; .tirloeU r.em-g tnnner; airlnek nen.ml buoyancy 
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tta^er; airlock onc-g support stand; neutral buoyancy deployment assembly; 

MDA trainer; ATM one-g trainer; ATM zero-g trainer; and ATM neutral 
buoyancy trainer, 

“Minutes of Skylab Trainer Review,” 16 April 1971. 

MSG completed a study for the use of uncommitted flight hardware from the 
Apollo and Skylab programs. The study was limited to low-Earth-orbit manned 
nn^ions to be flown prior to the start of Space ShutUe operations in the late 
K 70s. Based on various considerations, the study recommended three missions: 
two Earth resources surveys and the Apollo-Soyuz mission. A further study would 
be made to determine a specific mission for the fourth available spacecraft. 

Summary Report,” 17 March 1971; letter, Robert R. 
Gilruth, MSG, to Dale D. Myers, NASA Hq, 25 March 1971. 

A joint MSFC-MSC-Martin Marietta meeting was held at Denver to discuss 
Earth resources experiments package testing at Martin Marietta. A test program 
with appropriate deliver)' dates was established compatible with the experiment 
integration requirements test specification. 

MSFC, “Weekly Activity Report,” 1 April 1971; “Weekly Progress and Problem 
Summary for the .\dmimstrator— Skylab Program,” 2 April 1971. 

NASA Hq issued a directive which enabled the Skylab Program Director to 
communicate mission objectives and mission requirements to the implementing 
Centers and offices. It provided the ba.sic plan identifying programwide objectives 
and requirements, listed key operational documents, and stated responsibilities 
pertaining to tne key documents. Objectives and requirements for each Skylab 
mission were also included, as well as detailed instructions for planning and 
performing the Skylab experiments. 

Skylab Program Directive No. 43.\, "Operations Directive,” 26 March 1971 ; “Weekly 
Progress and Program Suiiiiiiary for the Administrator— Skylab Program,” 2 April 


A Skylab sub.systcm and experiment review was held at MSG with representatives 
from NASA Hq, KSC, MSFC, and MSG. Items discussed included the Earth 
resources experiment package, integrated testing at KSC, and the problem of 
contamination. 

MSG, “Weekly Activity Report,” 2 .\pril 1971; letters, A. G. Bond, MSG, to Deputy 
Ass<Kiatc Administrator for Manned Spare Flight. “Skylab Subsystem Review," 13 

“9, to R. R. Gilruth, MSG, and K. H. Debus, 

KSC, "Skylabs Subsystems Reviews,” 22 February 1971; E. F. M, Rccs MSFC to 
C, W. Mathews, 11 March 1971. * ’ 

Dale D. Myers, NAS.\ Associate Administrator for Manned Space Flight, testify- 
ing before the Senate Committee on Aeronautical and Space Sciences, said that in 
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the Skvlab Program three separate three-man Skylab flight crews would be 
selected during the coming year. Scientist iustronauts would be included ^d 
would perform about .“iO experiments in various disciplines. Twenty of ^esc 
would be in the life seienee.s, u, determine how human beings adjust and perfomi 
under conditions of prolonged space flight, up to two months duration, fhe 
.scientist a.stronauts would also operate the Skylab l^arth resources experiment 
package in the second space flight pha.se of N.\SAs Earth re.source.s program. 
These^obserxations would be in conjunction with and coinplementa^- Uto^ 
the automated Earth Rc.sourccs Test Satellite (ERIS) to be launched in 19/2. 

U S Co'v-rcss Senate, Committee on .\eronautica! and Sparc Scicnrc*. Au- 

140-141. 146. 

McDonnell Douglas, Huntington Beach, conducted a 90-day experiment wt* 
four volunteer crewmen confined in a space station simulator. The purpose of the 
space station simulation was to provide an artificial environment in which man 
could live and work with minimal stre.ss and compromise to a nonual existence 
Test objectives were met. Medical and physiological data accumulated t^unng the 
test would .sene as an effet live control in future cxijcnments on the long-term 
effects of confinement and exposure to an clct atcd carbon dioxide partial pressure 
atmosphere that would probably be encountered in a long-duration space fligh . 

John Hall (90-d.ay rre..nan), “.A Su.nmer Trip .« Nowheiv- 90 Day, in Space,” 
McDonnell Douglas Paper WD 1591, M.irch 1971. 

.V food heating tray critical design review was conducted at Whirl^l Colora- 
tion. Concern was expressed about the material used to cover the tray dcc^ 
Whirlpool was directed to determine the impact in design, schedule, and cost to 
change the tray deck and tray lid liner to niicarta. 

MSC, “Weekly .Acivily Repor..” 9 .April 1971; MSFC, “Weekly -Activity Report.” 

1 April 1971, 

M»nm M;..icua, in conjumlinn with The B<n'i..g (i.mpnny, wn, perfomnng 
»cak drcuU analy»-s ilu- AM, OWS, MDA, ATM. tSM 
eqaipment. ami ina.nancm unit. Work ,v„„M to c.npicua 9^ 

wU a fm.J report in Januarv Wm. Prior work under Apollo .denl.frcd 91 sneak 
circuits. With the sreater eoinplesily ol Skylali, lire elloit was eonsitlcicd ncces- 
sary to successful performance of the electrical system. 

Sneak cirenits were electrical anomolics that would occur as a result tif abnonnal 
(unplanned) combinations of commamls aiul switeb/relay operations and timing 
and ambiguous labeling. They tvere net component failurcs/malfuncUons. 

“Weekly Progress and Problem Summary for the .Administrator- Skylab Program," 

9 April 1971. 
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Space engineers and astronauts studied Skylab Workshop storage facilities in a 
review at MSFC. Astronauts taking part performed Workshop activation proce- 
dures, reviewing each coinpartment-s storage areas and running through deactiva- 
tion procedures. 


MSFC Skylab Office, PM-SL-SW-508-71, “Final 
Crew Compartment Storage Review, “ 7 May 1971. 


Review Board Minutes of the 


NASA published a Skylab Launch Readiness and Delivery Schedule which 
moved the scheduled Skylab launch date from 1 November 1972 to 30 April 


NASA Hq Schedule, 13 April 1971. 


Proposed Skylab rescue mission profile requirements were: 

• The trajectory planning for a rescue mission would be the same as the 
nominal Skylab mission. 

Nominal mission duration from launch to recovery would be limited 
to five days. 

• The orbital assembly would maneuver to provide acquisition light support 
for the rescue CSM. 

The rescue CSM would be capable of rendezvous without very-high- 
frequency ranging. 

Landing and recovery would be planned for the primary landing area; 
transfer of the crew from the MDA to the CSM would be in shirt sleeves with 
no extravehicular activity. 

The KSo rescue launch response time would vary from 10 to 45 Vi days, 
depending on the transpired time into the normal checkout flow. 

Weekly Progress and Program Summary Report for the Administrator— Skylab 
Program, ’ 15 April 1971. ' 


Following the results of a review of Skylab windows by MSC, a presentation 
was made at MSFC. During the presentation, MSC made the following 
recommendations. 

• Fracture mechanics analyses should be made of all annealed windows. 

• Fused silica should be replaced by tempered gla.ss in the OWS wardroom. 

• Airlock module windows should be vented inside the cluster. 

• The astronaut viewing port should be redesigned. 

• All windows should be proof- tested. 

Memorandum for record, W. 11, Mann, MSFC, "MSC Presentation on Skylab Win- 
dow Review,” 5 May 1971. 
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1971 

April 

19 


23 


27 


27-28 


29 


May 


A meeting was held at McDonnell Douglas to discuss plans for the Skylab 
backup hardware. Representatives from NASA Hq, MSC, KSC, MSFC, 
McDonnell Douglas, and Martin MarietUi attended. Initial plans v re formu- 
lated for the flow and testing of backup hardware to meet a 10-month launch 
turnaround after Skylab 1, 2, or 3. 

MSFC. “Weekly Activity Report,’’ 29 April 1971. 


MSC was reviewing the design of all Skylab pressure vessels associated with 
experiments/subsystems for which MSC had direct responsibility. The review 
would lead to a single listing of all hazardous pressure vessels, along with 
appropriate configuration, analysis, and test data that would allow evaluation 
from the fracture mechanics viewpoint. 

Letter, Kenneth S. Kleinknccht. MSC. to Manager, Skylab Program, MSFC, “Skylab 
Pressure Vessels,’’ 23 April 1971. 


A technical design review on the Skylab fire extinguishers was held at the 
Southwest Research lastitute. No major problems were encountered. Ihe 
flight units would be changed before installation— around launch minus bU 
days— to limit any possible emulsion degradations. 


MSC "Skylab Program Office Weekly Activity Report,” 27 April 19/1 
Progress and Program Summary for the Administrator— Skylab Program, 


; “Weekly 
'' 14 May 


1971. 


A review of the coolanol system of the AM was held at McDonnell Douglas. 
Representatives from KSC, MSFC, MSC, and NASA Hq attended. It w^ 
agreed that MSFC would implement a 100-percent government inspection of all 
coolanol line as-scmblics and installations; astronaut repair or tightening of nuts 
was not feasible, since less than 15 percent of the internal fittings were accessible; 
recommendations against the use of leak tracers would be made; additional 
surveys and reviews would be made of vendor facilities, requirements, and 

procedures. 

MSFC, “Weekly Activity Report,” 6 May 1971. 


A Skylab rescue kit preliminary requirements review was held at MSC. It w^ 
determined that the rescue kit could be installed in one shift, that suits would 
be worn for reentry, and that the center couch would be ballasted for launch. 
Studies were being conducted to determine the feasibility of jettisoning disabled 
eSM from the axial port. 

“Weekly Progress anU Problem Summary for the Adminisuator— Skylab Program,” 

7 May 1971. 

After a simulated 144-day Skylab mission, the reaction control system engines 
were fired at the White Sands Test Facility, to deplete the propellant supply 
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module in a backup deorbit propulsive mode Th/> fi ■ 
problen.. Dep,«i„„ bo* 

Letters, William C. Schneider N\SA Mn a 

Manned Space Flight, “Skylab RCS Administrator for the Office of 

S M. w.Lo. 

.ometcr ex.™dabi; b^l lo^IdTIr^™"*'”" P"- 

,ys,cm through either ot the scientific airlocks in tie The'IS^ ‘'1 

the camera on the T 027 hrAnm ,a,e. u • . Ahe addiPon of 

interest. EartI, elt^LlTar ? 1 1*™'' “'’“"■“•inns ot targets ot scientific 

assemblies. The previously basehmd Swib^Iol *P““fntt 

observation of experiments anH ^ elevision system would permit 

internal coverngl -nlLited 

MSFC, "Skylat, p„,„„ Mmagrr’t Mon.hl, Review,- 3 Me, ISJl. 

»4l\'’“’mrrrLT„;“ :rtr 1 “---bons 

»'»cause of fh.T ? ’ ® ^ practicable. However 

SMsb MSC, -Skrlel, Ai,.,o.O,e„„d bem "a.” “S”'''' 

An atmospheric leak locator was developed by J. T Sawyer MSFP Th 

Sed T afterMarMarilt^: 

£H=E~aS— 

Program /- 7 May^ 9 ^ Adminijtrator-Skylab 

smsmm 

had previously passed development tests. 
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the Earth resources experiment package V h and systems 

"wes s.ch »s /— " 't, 

IMtations ware iacorporated ‘n i„e targe.. OpUmreaM" for 

effect. The Urti.etf States was o”™* “ i,clm«ion. launch time, and launch 
:aHous mission paranteters^^^^^^^^ ,, «5-hnt ad.ude was 

date were included. A 

analyzed in depth. MsFC “An Evaluation of 

A discussion on Decisions were made 

with representatives from NASA Hq, 
tn take the following actions. 

. Apollo 15 would use available Apollo equipment for photog P 

woma ea^* «:rfrardS 

w^l b! — beeau. of cos. and 

launch schedule impact. .wj, pm- 

Pmsren a.d 

"“'■p ” .““nfshUb r^""'. MSC, a'Shneider, NASA 

LTquid Venting to Space ” ^ ^^"‘jfskySTrograins, 

S^l^eafrA^V n M.r ...• 

MSC initiated a plan for jj;“'‘®ThU luMFr^TIl.™ <o »bt^ 

Apollo 15, 16. ”„™'^“":^;,i„nal procedures before initianon of dre 

necessary exposure to Mb^ P 

niissionoperadons phase of Skylab. M„ .971 

y..„,K»n..hS.K,el.kneeh..MSC..oW.«l.»C.Sch...der,7SMy 

An Orblul Workshop dengn and 

McDonnell Douglas. '"“'^<>"“,11 a^ber was to remove the mend tons 

“„mwasdiscuen.d.Thep.trp|^olJ^^Bto^^^^^^ 

released into the water y * i potassium type was ^ 

potassium exchange resins were c-s . ^ location of the absor cr 

minimize the acidity and corrosivity procedures for dcactivatton 

had not been definitely determined b p J system 

were established. Test ,,,her view that the lodme 
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-ct.vuy at the McDonnell Douglas facility at 
unungton Beach as work progressed on 
the Orbital Workshop flight unit. 




system would prolJlThTcapTbflity^f satisfactorily. The onboard 

became necessary, by reinjecting a concentraSTd’ ** 

MSO. "Sl,,l,b p, 05 „„ offi„ w„IJ, R,,„„ „ ,5 I 

msec „„ ,he AM .ape ■ecordcfove'Lalr.te ' °"' " 

.o .de„Mp a c„„ag„„a„„ ™„a,e™e„. fo. 

MSC, ‘•Skylab Program Office Weekly Activity Report.- 4 June 197,. 

Robert C. Hock was appointed Manaeer Ksr’ A n c. 
ceeding Thomas W. Morgan. Moreanl refJ^ Apo»o-Sk> lab Programs, suc- 
the Air Force Space and Mi,ssile Systems O ^ Commander of 

announced previously by the Air Force. Los Angeles, had been 

KSC Announcement, “Mr. Robert C H,..l m , . 

gram,, KSC,” 28 May 1971; letter Kurt H D Apollo-Skylab Pro- 

1 June 1971. «• KSC, to Robert R. Gilntth, MSC. 

»e„^"dau fli: 
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1971 

May 


Jun« 

3 


3-4 


4 


7 


6-7 


phase aborts. Purpose was to ensure compatibility of all related MSC, other 
NASA Centers, and supporting contractor activities. 

MSC Internal Note (MSC-04318), “Preliminary Manned Skylab Launch Abort Mis- 
sion Techniques,” 28 May 1971. 


The Medical Research and Operations Directorate at MSC ordered five U.S. 
Army self-contained, transportable, mobile units to be used as a mobile facility 
to support Skylab preflight medical operations and experiment requirements. 
The facility would be set up and activated at MSC to support Skylab preflight 
>rtivities and would be flown to the recovery site for use on board the recovery 
snip to support the immediate postflight medical requirements. 

“Weekly Progress and Problem Summary for the Administrator Skylab Program, 

3 June 1971. 


Representatives from Ames Research Center, Arkon Scientific Laboratones, and 
MSC met at Ames to initiate action required to develop a carton monoxide 
sensor for the Skylab Program. A two-phase program for developing the senw 
was approved. The first phase was for a unit to be used during the Skylab 
medical experiments altitude test; the second was for flight and backup sensors 
for Skylab. 


Memorandum for record, E. S, Harris and M. W. Lippitt. Jr., MSC. “Skylab Garten 
Monoxide Sensor Coordination Meeting,” 10 June 1971; letter, H. Mark. Ames Re- 
search Center, to Robert R. Gilruth, MSC, 21 July 1971. 


The OWS dynamic test article was offloaded from the barge Orion at MSFC 
where instalhition of strain gauges and other modifications necessary to support a 
structural test program were being made. The dynamic test article was shipped 
from MSC on 23 May following completion of the Phase I vibro-acoustic test 

program. 


“Weekly Progress and Problem Summary for the Administratoi— Skylab Pr(«ram^ 
27 May 1971; MSFC, “Weekly Activity Reports,” 10 and 16 June 1971, 

Project Logistics Office Marine Operating Log, 3 June 1971. 


The MDA dynamic test article was completed at Martin Marietta on 3 June, 
well ahead of the contractual delivery date. Following an acceptance review o 
the dynamic test article, it was flown by Guppy aircraft to MSC where it was 
prepared for stacking and testing. 


“Skylab Program Engineering Weekly Status Report,’’ 9 June 1971;^ 

ress and Problem Summary for the Admimstrator-Skylab Program. 21 May 1971, 

MSFC, “Weekly Activity Report ” 10 June 1971. 


In a start toward building orbital space stations, the Soviet Union’s manned 
5oyuz 11 linked with the space laboratory Salyut 1, launched two weeks earlier, 
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and three cosmonauts from Soyuz II went aboard the Salyut. The combined 
craft formed a vehicle 18.2 m long, 3.6 m in diameter, and weighing 20.4 metric 
tons (22.5 U.S. tons). The Russian news agency Tass declared that “a Soviet 
manned orbital scientific station is functioning.” The linkup climaxed a chase 
through space lasting more than 25 hours. Salyut I was launched 19 April and 
Soyuz II on 6 June for the 7 June linkup. The three cosmonauts aboard were 
Viktor Patsayev, Vladislav Volkov, and Georgy Dobrovolsky. 

Associated Press, Huntsville Times, 7 June 1971, p. I. 

A Skylab weight teleconference was held with representatives from NASA Hq, 
KSC, MSFC, and MSC participating. During the conference, a weight control 
limit of 86 000 kg was imposed. 

TWX William C. Schneider, NASA Hq, to Leland F. Belew, MSFC, Kenneth S. 
Kleinknecht, MSC, and R. C. Hock, KSC, “Weights Telecon on June 8, 1971,” 10 
June 1971; “Skylab Program Engineering Weekly Status Report,” 16 June 197l/ 


During a Manned Space Flight Management Council Meeting at MSFC, it was 
decided tc retain a 10-month reaction time requirement for a backup Workshop 
launch. To accomplish this schedule, the backup OWS, MDA, AM, and payload 
shroud would be delivered to KSC upon completion of manufacture and 
manufacturing verification. Acceptance testing would be performed at KSC. 


TWXs, William C. Schneider, NASA Hq, to Leland F. Belew, MSFC, Kenneth S. 
Kleinknecht, MSC, R. C. Hock, KSC, ct al., “Skylab Workshop Backup Hardware,” 

Leland F. Belew, Kenneth S. Kleinknecht, 
and R. G. Hock, “Skylab Workshop Backup Hardware,” 7 July 1971. 


MSC was requested to provide preliminary assessment of the technical feasibility 
of Earth resources technology satellite (ERTS) and EREP proposals and to 
support evaluation panels that were being organized to review ERTS and EREP 
proposals. Between 11 March and 14 June, MSC had evaluated 239 proposals 
and submitted reports on them to Headquarters. 

Letters, Dale D. Myers, NASA Hq, to Robert R. Gilruth, MSC, 11 March 1971- 

7 May 1971; J. M. DeNoyer, NASA Hq, to 
MSC Dit -tor of Science and Applications, “Additional Guidelines for OMSF Center 
Involvement in EREP Proposal Evaluation and Implementation,” 3 June 1971; 
Riibert R. Gilruth to Dale D, Myers, 14 June 1971; TWX, William C. Schneider! 
NASA Hq, to Skylab Program Managers, MSC and MSFC, 11 June 1971. 


In an exchange of letters between MSFC and MSC, agreement was reached for 
the maximum use of MSC’s existing facilities for MSFC’s manned altitude 
chamber tests. 


Letten, C. A. Berry, MSC, to G. D, Hopton, MSFC, 14 June 1971: W. R 
MSFC, to C. C. Kraft, Jr., MSG> 17 June 1971 
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John L. Disher, Deputy Director of the NASA Skylab Program, approved a 
configuration control board change which would provide the capability to switch 
control of the Skylab vehicle back to the instrument unit after the initial transfer 
to the Apollo telescope mount digital computer control. The current configura- 
tion would preclude a switchboard and prevent the use of the lU control system 
should problems arise during the first critical hours of active ATM DC control. 
Concern over the inability to make the switchback was constantly expressed by 
MSC because unexpected previously unidentifiable failures occurred during 
actual flight in every computing system used — e.g., lunar module guidance 
computer, command computer lU, real-time computer complex, and the 
Gemini computer. 


Letters, Kenneth S. Kleinknecht, MSC, to William C. Schneider, NASA Hq, "ATMDC 
to lU Switchback Capability,” 25 March 1971; William C. Schneider to Skylab Pro- 
gram Managers, MSC and MSFC, “ATMDC to lU Switchback,” 13 April 1971; 
memorandum, F. S. Roberts, NASA Hq, to Dist., “Minutes of Level I CCB Meeting,” 
16 June 1973; memorandum for file, John H. Disher, NASA Hq, “ATMDC to lU 
Switchback,” 17 June 1971. 


The Office of the Comptroller General prepared a report on the analysis of 
estimated cost changes for the Skylab Program. The system used by NASA to 
cost the program, as well as the rationale for the changes, was contained in the 
report. 


Letter, E. B. Staats, U.S. Comptroller General, to J. C. Fletcher, NASA Hq, 17 June 
1971. 


An optical efficiency problem was reported in the Naval Research Laboratory 
ATM flight instrument at Ball Brothers Research Corporation. A failure analysis 
review attended by experts from Bausch & Lomb, Ft. Belvoir, Virginia, Goddard 
Space Flight Center, Naval Research Laboratory, and MSC concluded that 
failure was due to the “Purple Plague,” an aluminum coating overcoating on 
gold. An alert would be released by Goddard for dissemination throughout 
NASA and the Air Force to preclude further use of this particular method of 
coating optics. 

“Weekly Progress and Problem Summaries for the Administrator — Skylab Program,” 

27 May and 17 June 1971; MSFC, “Weekly Activity Reports,” 26 May and 3 June 
1971. 


Vibration testing was successfully completed on the ATM vibration unit at 
MSFC. Following testing, the unit was prepared for shipment to MSC where 
it would be used in the payload assembly vibroacoustic test. 

MSFC, “Skylab Program Oftice Weekly Activity Report,” 22 June 1971. 

A Study indicated that if the Skylab airlock could not be used for a normal 
extravehicular activity, contingency modes were possible. One would be a 
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ffASA Activities, 15 July 1971, p. ,07. 
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• 1 I’tv nf the Facility’s performance, it would appear desirable 

operational status to provide acoustical test 

Luto fa the Space Shuttle and space station base programs. 

Ut«r, Robert R. Cito.h, MSO, to Dele D. Myere, NASA fa, < Jul, 1971. 

The final Skylab subsyst^t revi^ w. 

*' rahabUity In its development All formal aetton 
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An Oibital Workshop wardroom window Mn!^d-glass 
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Work is shown in progress as 
the fixed airlock payload 
shroud flight unit nose 
cone is mounted following 
installation of electrical, 
ordnance, and air condi- 
tioning components at the 
McDonnell Douglas plant, 
Huntington Beach. 
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Representatives from NASA Hq and MSFC attended a briefing at the Goddard 
Space Flight Center on contammation problems in unmanned spacecraft. Causes 
and cures for inflight contamination effects such as unwanted light scattering, 
ice formation, and high-voltage corona were discussed. The discussions were 
based on experiences with the Orbiting Astronomical Observatory, Orbiting 
Solar Observatory, and Nimbus programs. Suggestions for preventing similar 
contamination problems on Skylab were discussed. 


“Weekly Progress and Problem Summary for the Administrator— Skylab Prognim “ 
15 July 1971; letter, Leland F. Belew, MSFC, to Managers of Apollo and Skylab 
Programs, MSC, “Background and Justification for Apollo 16 Skylab Data Request,” 
10 September 1971. 


The official Skylab launch and mission designations were announced: 

Acceptable for use outside NASA Acceptable for 

and for nonoperational NASA use operational use 


Launch Mission 


Workshop launch 
First manned visit 

SI^l ■) 
SL-2 J 

SL-l/SL-2 

Second manned visit 

SL-3 

SL-3 

Third manned visit 

SL-4 

SL4 


Memoranda, Dale D. Myers, NASA Hq, to Assistant Executive Secretary, “Naming of 
the Skylab Missions,” 7 May 1971; George M. Low, NASA Hq, to Associate Ad- 
ministrator for Manned Space Flight, "Naming of Skylab Missions,” 18 May 1971; 
Dale D. Myers to George M. Low, “Naming of Skylab Missions,” 7 June 1971 ; Wil- 
liam C. Schneider, NASA Hq, to Public Affairs Officer for Manned Space Flight, 
“Naming of Skylab Missions,” 16 July 1971; letter, William C. Schneider to Dist., 
“Skylab Launch and Mission Designations,” 1 July 1971. 


NASA approved the award to The Boeing Company of a contract modification 
for systems engineering and integration work on the Saturn V launch vehicle. 
The modification would extend Boeing’s integration work through 31 December 
19?2. The basic contract began in September 1964. Included in the modification 
was work on requirements for Saturn V vehicles that would launch the remaining 
Apollo lunar exploration missions (Apollo 15, 16, and 17) and the Skylab 
Program’s Saturn Workshop. Boeing’s .systems engineering and integration work 
at the time of this modification award included requirements and documentation 
for presettings for onboard computers that determined launch events, propellant 
loadings for all three vehicle stages, vehicle structural integrity, expected heating 
environments, range safety, tracking and communication data, and postflight 
reconstruction of launch data. Boeing was also MSFC’s contractor for manu* 
facture and testing of the first (S -IC) stage of the Saturn V. 

MSFC Contract Office MOD 492 to Contract NAS 8-4608, Schedule 11, 16 July 

1971. 
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ing Weekly Status Report,” 27 July 1971. 

The U S. Geological Su„e, eubmiued to NASA a lormal 

st;:" s spr-ie» .he p.po.. 

to ensure compaubility ot the requirements as ouUmed. 

Uncr, Willi™ C. Srharld.,, NASA H,. Kenneth S. Kleinkneehl, MSC. 27 July 
1971. 

,„ response to specific queries concerning Ute Skylah biomedical experiments 
program, the following response was made: 

. Flight schedules and long lead times would nutlte it 
tor an additional invesligalor to meet schedule reqmmmenw, ,1 the fltgh. hard 

ware required an interlace with the spacecraft. ^ 

. Self-contained biomedical experiments that did not requi 

interface would still be considered. , , , q,,hmitted to Director of Life 

. Biomedical experiment proposals should 

Sciences, NASA Office of Manned Space ^ I345 “Experiment 

. Proposals should be submitted on NASA torm lo-to, p 

Proposal for Manned Space T light. 

Letters, Walter F. Mondalc, U.S. Senate, to G*'™***’ 

Robert' R. Gilruth to Walter F. Mondale, 2 August 

MSC surveyed equipment and experiments I^liddition to 

might make contamination and 

“17 ::uTd^a“^^^^ ^Pe“ and an infrared scanning 
raffiometer. These might be able to provide contamination «. 

••SkyUb Program Otficc Weekly Progress and Problem Summary.” 5 August 1971. 
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George M. Low recommended: 

• Periodic examination of deviations from planned test flow for all flight 
hardware to ensure that only a minimum number of deviations from the use of 
flight hardware in tests be permitted. 

• Periodic review of the changes requested by users (flight crew and flight 
operations personnel) that were turned down, to ensure that when viewed as a 
total package the “turn downs” were still valid. 

• Periodic meetings with flight crews in which they could express their 
overall views concerning the Skylab Program. 

Recommendations were made following a program discussion with astronauts. 


Memorandum for the record, George M. Low, NASA Hq, “Skylab DiscuMion with 
Pete Conrad,” 6 August 1971. 


The acoustics portion of the vibroacoustic test at MSC began on the Skylab 
payload assembly which consisted of the airlock, multiple docking adapter, and 
payload shroud test articles. 

MSC, Schedules and Status Summary Report, 31 August 1971. 


Proposals were made at an OSSA-sponsored meeting at Goddard Space Flight 
Center on methods for managing ERTS and EREP programs. One proposal 
was that both ERTS and EREP contracts be managed by NASA Centers on a 
regional basis becaase of the scope and magnitude of the programs. However, 
MSC felt that, since the overall program management and operational responsi- 
bility belonged to MSC, it should be rc-sponsible for all the major contracts 
associated with EREP. 


Letters, Robert R. Gilruth, MSC, to Dale D. Myers, NASA Hq, 11 August 1971, 
Dale D. Myers to Robert R. Gilruth, 22 September 1971. 


An in-resident Orbital Workshop test team was established at McDonnell 
Douglas, Huntington Beach, by MSFC. The team’s purpose was to provide 
timely programmatic and technical interface with, and response to, the contractor 
in matters relating to hardware design, development, qualification, manufacture, 
and checkout. William K. Simmons, Jr., MSFC Orbital Workshop Project 
Manager, was appointed leader of the team whose members represented the 
various MSFC technical disciplines. Because of the .significant number of MSC 
operational and hardware interfaces with the Workshop, MSC a.ssigned James 
C. Shows and Richard H. Truly as members of the team. 


LeUrr, Lcland F. Belcw, MSFC, to MDAC-W, II Auguit 1971; George C. Marshall 
Space Flight Center Charier, MM 1 142.2, “Orbital Workshop Task Team," II August 
1971. 
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The American Institute of Aeronautics and Astronautics devoted a major portion 
of the June Issue of their journal to articles on the Sk\lab Program. 

Letter, William C. Schneider, NASA Hq, to Members of the Skylab ScientifK luvcs- 
ligations Team, 19 August 1971. 

Concern was expressed that the material to be used for the top of food tra)^ m 
the Skylab ..ardroom was still not selected six weeks after a deciaon was made 
to change the material. Subsequently, it was reported that a material, polyamide, 
had been selected by food tray contractor Whirlpool Corporation and that efforts 
were underway to procure the material. 

MSC, Skylab Program Office Manager s Staff Meeting, K. S. Klemknecht, MSG, 23 
August 1971. 

Missions still under consideration for the immediate post-Skylab period included 
the following: 

• An independent CSM mission for Earth observations. 

• An independent CSM mission for rendezvous and docking with the 

U.S.S.R. Salyut spacecraft. 

• A combination of the above. 

. Use of the Skylab backup CSM to conduct a cooperative docking with 
the Salyut vehicle and thereafter carry out a fourth visit to Skylab. This misaon 
would occur approximately 18 months after the launch of Skylab. 

• A second Skylab supported by two 90-day CSMs and a rescue vehicle. 

Letter, P. E. Culbertson, NASA Hq, to R. A. Bcrglund, MSC, 27 August 1971. 

A Study was conducted at MSEC on the effects of various pitch attitudes at the 
time of the Skylab payload shroud jettison on the pos.sibility that the shrou 
would collide with the Skylab at a later date. Based on the study, a 10-degree 
attitude error constraint on a 90-dcgrcc-pitch (nose down) shroud separation 
attitude wa.s recommended to preclude such a collision. 

Letter, B. S. Perrine, Jr„ MSFC, to Dist., “Effcil of the Skylab/Shroud Recontact 
Analysis,” 30 August 1971. 

A review of tlic Orbital Workshop wiiste management subsystem was held at 
McDonnell Douglas. Recent design changes to the urine sample tray were 
accepted. A test was established, at the request of MSC, which would subject 
the production system hardware to flight conditions for a period of 56 days. 

MSFC, “Wc kly Activity Report/’ 1 September 1971. 

A Skylab food subsystem management plan was agreed to by Charles A. Berry, 
M.D., MSC Director of Medical Research and Operations; Maxime A. Faget, 
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Engineering and Development; and Kenneth S. Kleinknecht, 
MSC Skylab Program Manager. In the plan, the Medical Research and Opera- 
tions Directorate would provide the technical management for the Government- 
contractor team m planning, development, procurement, and integration of the 

Md subsystem, including ancillary equipment, within constraints and guidelines 
of the Skylab Program. 

MSCM 8010, Program Management Guide. 31 August 1971. 


Cold w^eather environment te.sts began at the Climatic Laboratory, Eglin Air 
Force Base, Honda, on the performance of the Skylab command module 
postlanding and recover) systems. Because Skylab flights would be launched on 
a 50-degree inclination, the spacecraft would pass over regions of the Earth 
considerably colder than experienced before. Tests would determine the cold 
weather limitations of the crew and command module should an emergency 
or major system malfunction force the spacecraft to land in these areas. 


MSC News Release 71^70, 17 September 1971; Kenneth S. 
“Manned Space Flight Program Status Review,” 6 October 1971. 


Kleinknecht, MSC, 


Skylab crewmen would wear soft suits on reentry for both regular and rescue 
melons m order to provide stowagi space for maximum data return. All avail- 
able stow.'ige space in the command module would be needed for film, experiment 
samples and specimens, flight data files, life support equipment, and supplies. 

Note, William C. Schneider, NASA Hq, to Dale D. Myers, NASA Hq, 13 September 


1971 

August 


8-30 


13 


A multiple docking adapter crew compartment storage review was held at 
Martin Marietta. Representatives from NASA Hq, KSC, MSFC, MSC, and 
Martin Marietta attended. It was anticipated that three or four review item 

screpancics, which would cause only minor impact, would be submitted on the 
MDA. 


Immediately following the MD.\ crew compartment stowage review, the MDA 
one-g trainer final acceptance review was held. 

MSFC, "Weekly Activity Report,” 21 Septrmber 1971; "Minutes of the MDA 1-G 
trainer Pre-Shipment Acceptance Review,” 15-17 September 1971. 


An Apollo telescope mount final acceptance review for the ATM onc-g and 
zero-g trainers was held at MSFC. Representatives from MSC, MSFC, Martin 
Marietta, and Brown Engineering Company attended. The trainers were 
scheduled for shipment, with an arrival date at MSC of 12 October. 


Utter, Lcland F. Belew, MSFC, to Manager, Skylab Program, MSC, “ATM Trainer 
Acceptance, 22 October 1971; “Mimitci of Skylab Acceptance MSC/MSFC," A. R. 
Morse, MSFC, and T. U. McElmurry, MSC, 14 September 1971. 
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$«pt«mb«r 


Tames C Fletcher, NASA Administrator, described planned Skylab miffiion 
iXl riarch aa addre. before .he Uuh Su.e Mescal 
» we wUl be looking far with a strong impact on the future of manned 
space flight during the remainder of this century.” Major questions zs yet 
unanswefed after Gemini and Apollo flights were the causes of moderate loss 
of weight by astronaut* early in flight, moderate cardiovascular decondiUomn^ 
moderate loss of exercise capacity, and minimal loss of bom density. Me ic 
Ge- and Apollo n,« had shown. ^ro ^ 

surprises 2. As of now, we see no reason why man cannot live and work 
effTctively in space for a long period of time. 3. Man seems to adapt to sp^ 
flight more e^ily than he does to Earth’s environment after returning f o 

space.” 

J„,. 0. NASA m, .ddr.n -h. U»h S..» MrfW A»«l.n«n, 

15 September 1971. 

An inter-Conter agrnnment was appn.ved bv Skylab Progran. Managein KennMh 
rw^h. (MSC), Robor. C. Hock (KSC), and Lcland F. MSFQ 

covering the use and control of acceptance checkout equipntenKpacecraft for 
checkout of Skylab 1 payloads. 

KSC Management Instruction 1058.2A, 15 September 1971. 

A contract for the construction of an Apollo tele^ope mount clean room at 
KSC was awarded to the Holloway Corporation. 

KSC, "Weekly Progress Report,” 1 October 1971. 

A poUcy letter which identified the essential roles and j 

Center organisations and Principal Investigators in the development of Skylab 
experiments was published by NASA Hq. 

Letter, William C. Schneider to SMabJrog;^^^^ 

Report,” 29 September 1971. 

The Skylab payload shroud (nose cone) was accepted by MSFC front 
DSugte Asironantic. Company. The shroud, 18.2 m long and 6.7 m m 
SamLr, weighed almost 12 000 kg and was the firs, major piece of Skylab 

hardware to be delivered to NASA. 

NASA H, N.« Rrlrm. n-m, !2 S.pt»U, 1911; MSFC, "Sdirfulc »«1 S».» 

Summary,” 30 September 1971. 

NASA announced assignment of Robert O. Aller, Manager of Space Station 
S^emdlXs sratrhn Task Force of Office of Manned Space Fhghh m .he 
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Skylab Program Office as Director of Operations. Aller would be responsible for 
coordination and development of operationally related program and mission 
planning activities. 

NASA Hq, “Weekly Bulletin.” 

The crew compartment stowage review for the airlock module was held at the 
McDonnell Douglas facility in St. Louis. Several crewmen attended the review. 

MSFC, “Skylab Weekly Activity Report,” 5 October 1971, 


Corrective measures were being incorporated into the Apollo telescope mount as 
a result of the prototype thermal /vacuum test being performed in the MSC Space 
Environmental Simulation Laboratory Septembcr-December 1971. A number 
of anomalies unidentified in previous component system or subsystem tests were 
identified. Unlocated, the anomalies could have had serious impacts on ATM 
orbital operations. 

Letter, Eugene H. Cagle, MSEC, to James C. McLane, Jr., MSC, 7 March 1972. 

An OWS shower design review was completed at MSEC. Representatives from 
NASA Hq, MSC, KSC, MSEC, and McDonnell Douglas attended. Although 
the design appeared acceptable, programmatic problems such as stowage, program 
requirements, and the McDonnell Douglas installation schedule wefc evidenced. 

MSEC, ‘‘Weekly Activity Report,” 14 October 1971 ; letter, Lcland F. Belew, MSEC, 
to Director, Skylab Program, NASA Hq, “Skylab Whole Body Shower,” 19 October 
1971. 


During an Advanced Applications flight experiments (AAEE) review at Langley, 
Principal Investigators gave interim status reports on experiments already in the 
AAEE Program. Representatives from N.\S.\, other Government agencies, and 
participating universities and industries attended. Reports were divided into the 
following areas: Earth-resources sur\^cy; communications; meteorology; naviga- 
tion/traffic control; applications technology; and geodesy, Earth physics, and 
physical oceanography. 

“Interim Progress Reports AAEE P.I. Review,” 5-6 October 1971. 

Training mockups of several components of the Skylab spacecraft arrived at 
MSC. The Orbitiil Workshop and the Apollo telescope mount arrived aboard 
the NASA barge Orion, The shipment also included the multiple docking 
adapter exterior shell and a portion of the airlock module mockup. The AM 
one-g trainer had arrived previously at MSC on a contingent of six trucks. The 
trainers and hardware were scheduled for use by MSC in training prospective 
Skylab crewmen for missions. 


1971 

S«pt«mb*r 

S«pt«mb«r 29- 
Octobtr 1 

30 
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MSFC, “Skylab Weekly Activity Report,” 26 October 1971; MSG, “Weekly Activity 
Report,” 15 October 1971. 

Personnel and equipment from other countries were being utilized in the Skylab 
Program. K. Pounds (United Kingdom), M. Oda (Japan), and M. C. Pande 
(India) were endorsed as ground-based observers in connection with the ATM. 
Proposals for participation in Earth resources w^ere anticipated from Canada, 
Argentina, Chile, India, Iran, Japan, Thailand, Belgium, France, Germany, 
Greece, Switzerland, and the United Kingdom. 

Numerous small articles of equipment such as zippers and lenses were obtained 
from England, Switzerland, Germany, and Monaco. Cameras were obtained 
from Sweden and Japan. Glass for the multispectral photography window came 
from Japan. Rockets used for ATM calibration flights were obtained from 
Canada. 

Memorandum, William C. Schneider, NASA Hq, to R. Littlefield, NASA Hq, * Inter- 
national Contributions to Skylab Program,” 8 October 1971. 

Over 700 requests to participate in EREP and ERTS experiments were received 
by NASA; 280 required EREP data or both ERTS and EREP data. Of these, 
150 were selected for inclusion in an EREP mission compatibility study being 
conducted at MSC. A list of the tentative investigations included proposers from 
28 states and 12 countries. About one-third of the investigators were from Fed- 
eral or state governments, one-third from universities, and one-third from industry 
and foreign governments. 

Memorandum, Dale D. Myers, NASA Hq, to the Administrator, “Earth Resources 
Experiment Package (EREP) Investigation,” 8 October 1971. 


A formal certification program was being instituted at TRW and McDonnell 
Douglas to ensure that the technicians, inspectors, and engineers involved in set- 
ting adjustments and clearances, installing ordnance, or stacking the array after 
each deployment in the development and qualificatioh of the solar array system 
was properly certified. Backup personnel would also be trained and certified to 
ensure a continuity of expertise. 


Letter, William C. Schneider, NASA Hq, Skylab Program Manager, MSFC, “Solar 
Array System,” 8 October 1971. 


To provide protection against syst^ 
first 56-day mission, it would be 
launch capability through complc 
time from the SL-1 launch throu^, 
5 months. 


ailure from the SL-1 launch through the 
sary to retain prclaunch preparation and 
of the second manned mis.sion, The elapsed 
the seconu manned mission would be about 


Memorandum for record, John K. Dishcr, NASA Hq, 20 Ouoxi 1971. 
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ERTS and EREP investigations were assigned to Goddard Space Flight Center 
and MSC for negotiations and award of contracts by NASA Hq. In general, the 
ERTS investigations were assigned to Goddard, the EREP investigations to MSC. 

At the same time, general guidelines were established for all ERTS /EREP 
proposals. 


Letter, Dale D. Myers and J. E. Naugle, NASA Hq, 
“Guidelines for ERTS and Skylab EREP Investigations, 


to Robert R. Gilruth, MSC, 
1 November 1971, 


A Skylab rescue vehicle preliminary design review was held at North American 
Rockwell. The anticipated reentry mode for the rescue vehicle would be with the 
crewmen suited, thus providing additional return stowage volume for program- 
critical items. North American would define the return volume and loading avail- 
able, while MSC would identify the returnable program-critical items. The 
rc^ue command and service modules would be designed for both suited and un- 
suited reentry and for axial and radial docking. The rescue kit would include 
provisions for the return of five men. 

MSC, “Skylab Program Office Weekly Activity Report,” 12 November 1971. 


The Skylab menu, in addition to being the most palatable menu carried into 
space, was also designed to meet the requirements and objectives of an important 
senes of medical investigations. Whirlpool Corporation was under contract to 
produce the approximately 20 000 man-meal equivalents for the Skylab Program. 
The food system was designed to maintain a calorie level of between 2000 and 
2800 calones and to provide the minimum dietary allowances of protein, fat, car- 
bohydrate, minerals, and vitamins recommended by the National .Academy of 
Sciences. ^ 


MSC Project Document 72-2049, 10 November 1971; MSC News Release 72-155- 
mcniorandum, C. A. Berry, MSC, to Chairman, Facilities Review Board, "Interim 
rood Bonded Stowage Facility,” 14 October 1971. 


A test and checkout requirements specifications documents review was conducted 
at MSFC. 

• The test requirements for the OWS, AM, MDA, and test and checkout 
requirements specifications documents were agreed to. 

• An approach to define the all-systems test sequence was tentatively agreed 
to by MSFC and KSC. 

• OWS, AM/MDA, and integrated test and checkout requirements specifi- 
cations documents would be republished, with distribution scheduled for mid- 
December 1971. 

“Skylab Program Engineering Weekly Status Report,” 17 November 1971. 

An acceptance review of the ATM experiment training hardware was held at 
MSFC. MSC representatives participated in the review. Following the review, 
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the hardware was shipped to MSC for crew familiarization in preparation for a 
multiple docking adapter crew compartment fit and function review. 

MSFC, “Weekly Activity Report,” 10 November 1971. 


A test readiness review for the payload assembly high-fcrce vibration test was held 
at MSC. The review board concluded that the facility-test article was ready for 
test. The main objective of the test would be verification of the payload shroud 
primary iuid secondary structural integrity. 

MSC, “Skylab Program Office Weekly Activity Report,” 19 November 1971. 


NASA Hq announced formation of a Manned Space Flight Team to conduct a 
midterm review of the Skylab Program. The objectives were to assess the validity 
of the Skylab Program plan in terms of scope of work planned and its relation to 
schedules and resouices; validate the runout cost with a new estimate of resources 
required to completion; and make management and technical recommendations 
as required. The Team was scheduled to complete its work in late December 
1971. A report would be mtidc to the Manned Space Flight Management Coun- 
cil in January 1972. 


Letter, Dale D. Myers, NASA Hq, to Robert R. Gilruth, MSC, 15 November 1971; 
memorandum, William C. Schneider, NASA Hq, to Kenneth S. Kleinknecht, MSC, 
Ltland F. Bclew and R. G. Smith, MSFC, and R. C. Hock, KSC, “Skylab Mid-Term 
Review Task Team,” 24 November 1971 ; letter, William C. Schneider to Kenneth S. 
Kleinknecht, 24 November 1971 ; plan, J. P. Field, Jr., NASA Hq, “Skylab Mid-Term 
Review Plan,” 23 November 1971. 


The MDA/EREP systems integration testing was completed at Martin Marietta. 
The testing included all indi\'idual sensors, EREP systems functional verification 
tests, and EREP simulated data pass verification tests. Test data were under 
evaluation. 

MSC, "Sk)l.ib Pwgram Office Weekly Activity Report,” 3 December 1971; MSFC, 
“Weekly Activity Report," 29 November 1971. 


MSFC awarded Chrysler’s Space Division a contract modification for additional 
work on Spturn IB launch vehicle booster stages. The contract extension would 
run through 31 January 1974. The additional work was to refurbish four S-IB 
booster stages that would be used in the Skylab Program in 1973. The fourth ve- 
hicle (SA-209) would be assigned as a backup. All four stages had been in stor- 
age for several )’ears. The major portion of the work would be removing the 
stages from storage, preparing them for delivery to KSC, and providing launch 
support to them throug.iout the Skylab launch readiness period, which would end 
in early 1974. Most of the work would be done at the Michnud Assembly Facility 
in New Orleans, but some work would be done at MSFC. 

MSFC Contracu Office MOD MICH 465 to Contract NAS U-4016. Schedule I. 

26 November 1971. 


t McDonnell Douglas, Huntington Beach, where the Workshop was fabricated 

r/rr au^';' “““ ^ 

MSFC amended a contract with General Electric Company to allow modifica 

7e^e?47Ap ril -“-Se would 1^ ^m-' 

Ln-fi V T 1 . the manufacture and delivery of 

odificauon kits for the reconfiguration of ground support equipment at KSC’s 
Launch Complex 39 m provide a Samm IB launch 4abffiX Sk“ab 

S ’■ » Cemme, NAS 8-«,55, as Nv 


t WN T” f'ndiness review of the OWS food healing tray was held 

at Whirlpool Corporation, Benton Harbor, Michigan. No signifeant omblemi 
w^ ^c^ntemd. Previous problems of heat tranter and .rurB^nTml^: 

MSC, -Skylab Progr^n Office Weekly Activity Report,- 3 and 10 December 1971. 
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Skylab Program Directive No. 56, “Technical Support for Resolving Significant Tech- 
nical Problems From Initiation of Integrated System Test Through Mission Com- 
pletion,” 6 December 1971. 


A Skylab MDA crew compartment fit and function review was held at Martin 
Marietta to familiarize astronauts with MDA equipment and storage problems. 
The review was conducted in four parts: a bench review, a vertical upper plat- 
form review, a vertical lover platform review, and a horizontal configuration 
review. 

MSFC, “Weekly Activity Report,” 8 December 1971; MSC, “Skylab Program Office 
Weekly Activity Report,” 17 December 1971 ; letter, William C. Schneider, NASA Hq, 
to Managers, Skylab Program, MSC and MSFC, Manager, Apollo-Skylab Program, 

KSC, “Verification of Crew Equipment Interfaces,” 29 December 1971; memorandum, 

R. O. Aller, NASA Hq, to Director, Skylab Program, “Contractor Crew Compartment 
Fit and Function Tests,” 17 December 1971. 

Apollo experience was utilized in the design and development of the Skylab water 
system which consisted of 

• Ten 272-kg storage tanks 

• A chiller and three water dispensers for drinking water 

• A heater and two water dispensers for food reconstitution 

• A heater and water dispenser for personal hygiene 

• A portable water container and fixed and flexible plumbing with quick 
disconnect fittings 

Memorandum, William C. Schneider, NASA Hq, to NASA Deputy Administmtor, 
“Apollo Lunar Module Water System Problems as Related to the Design of the 
Skylab Water System,” 8 December 1971. 

NASA Hq defined the responsibility for preparation and coordination of test pro- 
cedures which involved crew participation in factory module test and checkout 
operations. Essentially, this required that not later than 12 weeks prior to antici- 
pated testing MSC should provide a crew integration plan and negotiation should 
take place between MSFC and MSC on the degree of crew participaUon in the 
test and checkout operations. 

Appendix A to Skylab Program Directive No. 26, “Intercentcr Responsibilities for 
Support and Preparation of KSC Test and Checkout Plans and Procedures, and Co- 
ordination of Factory Test Procedures wuii Crew Involvement,** 9 December 1971. 

An MSFC-MSC agreement was approved detailing responsibilities for Skylab 
flight crew training in the neutral buoyancy simulator at MSFC. The agreement 
was approved by Kenneth S. Klcinknccht, MSC Skylab Program Manager, and 
Leland F. Belew, MSFC Skylab Program Manager. Charles A. Berry, Maxime 
A. Faget, and Donald K. Slayton, all of MSC, concurred. 

MSCM 8010, Program Managtmtnt Cuidt, 15 December 1971. 
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The prototype of the Skylab ATM was returned to MSFC froi i MSC aboard the 
Super Guppy aircraft. At MSFC, the ATM was placed in a dean room in the 
Quality and Reliability Assurance Laboratory for a system checkout. It would 
next undergo vibration testing in the Astronautics Laboratory and then would be 
refurbished to serve as a backup for the flight model While at MSC, the ATM 
prototype, which was assembled at MSFC, had been subjected to space con- 
ditions in a large chamber used for testing the Apollo spacecraft. 

MSFC Project Logistics Office, Flight Operating Log, 15 December 1971. 

A committee was established to conduct an operational readiness inspection of the 
Skylab medical experiments altitude test facility. The MSC Crew S/slems Di- 
vision’s 6-m-diameter altitude chamber was m- dified to perform the test. The 
readiness inspection would serve to certify the operational readiness of the facility 
for the June 1972 manned testing. 

Memorandum, Robert R. Gilnith, MSC, to Dist., “Operational Readiness Inspection 
of the MSC Skylab Medical Experiments Altitude Test Facility,” 17 December 1971. 

MSFC accepted the flight multiple docking adapter from Martin Marietta, 
Denver. It was then flown by Super Guppy to McDonnell Douglas in St. Louis, 
where it would be mated to the airlock module. 

NASA News Release 71-241, “Skylab Docking Unit Accepted,” 27 December 1971; 
MSFC Project Logistics Office, Flight Operating Log, 17 Decern' 'r 1971. 


Discussions on the feasibility and the possible benefits and problems pertaining to 
the use and benefits of an amateur radio transmitter-receiver by ihe Skylab crew 
in their off-duty time were conducted over the past se^^eral months. Based on the 
discussions, it was concluded that the disadvantages outweighed the advantages of 
its installation and use. 

Letters, P. I. Klein, AMSAl, to William C. Schneider, NASA Hq, “Skylarc Mission 
for Skylab-A,” 11 September 1971; William C. Schneider to Managers, Skylab Pro- 
gram, MSFC and MSG, “Amateur Radio on Skyla’ 2 December 1971 ; Kenneth S. 
Kleinknecht, MSC, to Director, Skylab Program, “Skylab Amateur Radio Communi- 
cations,” 14 December 1971; Leland F. Belew, MSFC, to Director, Skylab Program, 
“Amateur Radio on Skylab,” 23 December 1971; notes. Dale D. Myers, NASA Hq, 
to Wiiliam C. Schneider, “Ham Radio Activity for Skylab,” 20 November 1971; Wil- 
liam C. Schneider to Dale D. Myers, “Ham Radio Activity for Skylab,” 30 Novem- 
ber 1971. 


The Skylab Program was reviewed by a Skylab midterm task team. Among the 
findings were the following: Although there was little margin left in the schedule 
for contingencies, there v ere no known reasons why the launch date of 30 April 
1973 could not be met. Planned resources v;crc sufficient to support the program 
on the established schedule. A comprehensive and systematic program of leviews, 
tests, and analyses had been performed to produce high confidence in reliable and 



After acceptance by MSFC, the multi- 
ple docking adapter flight article 
was readied for shipment from 
Martin Marietta’s Denver facility 
to the McDonnell Douglas plant at 
St. Louis to be mated with the air- 
lock module. 


safe technical performance. A greater number of formal detailed program level 

fn ^vet f ^ complexities of technical organizational interfaces. Limitations 

resources problems. There was some concern regardinr the Earth 

purees experiment package where costs exceeded the original plar!^ Technical 
problems remained, and Principal Investigators had not been seleetS. 

K “Ck S. Kleinknech, Christopher C. 

Directors Summary wirkinf’ S’ • 28 ^eb^at iT^ 

knecht, MSC “Skviab Program lUirl 'r » • ^ draft, Kenneth S. KIein> 

'T T* • * , ^ Program Mid-Term Review,*’ 1 December 1Q71 ♦ **Qlrmsie.k 

^e National Seience Teachers Associafon had received more than 15 000 aoDli 

Ihe A^ciation was managing the project to stimulate interest in science and 
technolo^ by promoting participation by U.S. students in grades 9 to 12 in ex 
^nments demonstrations, or activities to be performed by astronauts during "973 
^.b NASA »o„ld 25 p„p„«,b „„ L 

With Skylab requirements. Selectees and their teachers would attend TskS 
Eduwuonal Confer^^^^ and award presentations at KSC at Skylab launch ![fm. 
MS. C would build the required hardware in consultation with students Re- 
gional and national selectees would be announced in April. 

NASA News Release 72-1, 3 January 1972. 

‘O’ Skylab 

I '^'^‘'Ctive provided flight numbere and objectives 

^igned the launch vehicles and command and service modules to be usld and 
designated the launch complexes to be utilized. It also listed the controlled mile 

maW and Pjanned launch dates. The milestones included delivery of 

major flight, test, and training hardware; delivery of other major items such as 
^ound support equipment; key reviews; completion of key tests; facility opera- 
onal readiness; and launch readiness. The planned launch dates were: 30 April 
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I 973 for ^ •'‘"^ 28 October 

•» "^Wab Pr. 

I'rc^Cor^Tr ^*‘”• 17 ’’"'’ -- undergoing tests at AiRe- 

excer^H ,r, r"' n "ickcl ion generation 

20 N t^t a«o'' able m the specifications. At an OWS water s^stem review on 

dL!^^ir^^d a d ’ • concentration was 

’ , decision was made not to consider an increase in the allowable 

nickel concentration. In September 1971 McDonnell Douglas tests indicated that 
cons^erably higher numbers of nickel ions were being released from the water 

During many water subs>-stem meetin.gs, nickel ion generation of the entire OWS 
water system, not just the chiller, had been considered a major pmblem It was 
indicated that with the exception of the water system components installed in the 
wardroom table (including the chiller), the 0\VS water system ion generation 
^oidd be controlled with an ion exchange resin, and the redesign of the chiller 
would correct the problem. This would permit the water supply to meet sped 
fications throughout Skylab 1 , 2, .3. and 4. ^ 

wller nYcM cin®? K'einkncch., MSC. “Skylab Drinking 

Skylab Managers William C. Schneider (NASA Ho) Robert C Mnrl rven\ 

R Bcicw (MSFC), and Kannoch S. Kldnkncch'l (MSC) m« at MSPO t 

Krt h “rr'''""' "" "" '’P'™'""' M^notnen 

TCtlim iw r ' "*■'"1 ^'‘1 P'''”"-* cnncftn about the didicultics in 

fwe ,b n OWS and experimemtt-thtouEh (actorv aacp. 

rh^ I . ‘ contractor team to complete the OWS factor\’ 

' '"T'’"™ "‘""''."■“'-rutniahed oqnipntent and other Mowage. ani 

. on o man and niaehine interfaees with attmnantt and their support 

*;in ;;:;r*;i:' - 

107? ^*’1 A(linini.urator ft.r Manned Sparc Fliglu 14 Febrnarv 

memorandum, Wdliam C. Schneider to Dale D. Myers, 4 Ntay 1972. ’ 

^ 4.3.-) km and that the 

orbu should ITC controlled In removing any insertion disjyemions and dra,reffecls 

Hith bu.ns o. the SL-2 CSM reaction control system after that sp.acccraft had 
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Activities at MSFC on 5 January 1972 during a simulation of film retrieval from the 
Apollo telescope mount in the MSFC Neutral Buoyancy Tank. 

rendezvoused and docked with SL— 1. A controlled, repeating orbit would satisfy 
requirements common to many Earth resources experiment proposals. In ad- 
dition, multiple pas.ses over fixed targets would increase the probability of success- 
fully obtaining data which otherwise might be lost because of cloud cover or 
equipment malfunctions. It was estimated, after a .study lasting several months, 
that implementation of a controlled orbit would enhance the probability of suc- 
cess of such experiments by between 25 and 50 percent. The study had also 
shown that the proposal was feasible with regard to hardware, operations, and 
the crew. 

Letter, Kenneth S. Kleinknecht, MSC, to Manager, Skylab Program, MSFC, “Con- 
trolled Repeating Orbit for Skylab,” 1 1 January 1972. 

The NASA Manned Space Flight Management Council agreed to retain the cur- 
rently planned Skylab launch-readiness date of 30 April 1973 and to assign no 
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«pc« 0, „u.„ rcuiHng i„ K„dw,„, 

MSP Management Council Minutes. 31 January 1972. 
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compaobility testing to develop data. Amonrtke d • ^ of 

lowing; flight and ^roimH «vcp r ^ ^ decisions reached were the fol- 

beeonduetil using “™Pt«Mity testing would 

ife; MSC auTwc llttah "f “">■ M- 

would joinSy „4v e^Un, “SC and MSFC 

againstUUllrn^^rr; “■ P<- 

w, S. R, MSPO, c. E, Oh.,te„„E. „ 3 C, „ „„ 

bogiu .he Iting Shte" ATO dT •“ 

and was undergo4 

camera /video recorder tests beein 10 Inn. *”“'"'"ation tests and TV 

fratn MSC, MSFC, and N^fH^ V 7 

r t,d, ana in aj>A Hq were observing the testing. 

197?’ C. Schneider. NASA Hq. 13 January 
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A P-cm^rStTn -TV .ystent. 

trator for Manned Space night ,nd wn c AJminis. 

and the capability lor mote TV coverage 

the ground. ^ would be controlled from 

Configuration Change Board Directive 800-72-01 1 1, |0 February 1972 . 

MSC Astto'i^M'Sarte'cInndT^^ f,T' '“‘''‘“P ™"’™. was held at 
Apnl 197,1 launch. Con" »" 

be completed for delivery to KSC in t„l at . . were expected to 

of stowed eouipmen on , '’ a ,o ’ ^ «» Pieces 

“So i. all goes ^p a^ne toe and ^ 

to leant how to operate this vehicle 1 i' f°' it^** **“’ "o’ ohly 

apparan. that we'^ltot ‘ ’""T'” ” ''' *' 

H)0.percent cro.ss-traincd as we had been in 
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some 2000 training houre per man defined"^ now . . . we have 

training for the past year ^ faL^t 

b.availabfe,„„sforu,i„i„g ! ' . aCSarr’^T^ ' ' ' “ 

have overall responsibilitv fnr j ^ commander would 

module taptn. Tha scieuca pilot 3 m” tu 

m tha Apollo talataopa mount and its assoaia^lriw7 
expert in Orbital Workshon a i • , pJot would be 

ments would be divided amonv r r<* ^ “*"oa systems. Remaining experi- 

choice. ® members according to avaUability and 

^“TITait 7ot^‘r?'’" T Konrin, 

Pogua. Baaltup amws wa,; rTS L Schwai^l f t *• 

McCandless II, first mission- Vance D BrlS W^r n Bruce 

Lind, both sa^nd and dtitd ml7o7 kS’g^SoT 
Lenoir were scientist astronauts- the , T ^ ^ ’ Musgrave, and 

astronauts. ““^"auts, the other Skylab crew membere were pilot 

Colee... 
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January 


K^e?at°MSC%*^*Gl’^rr^^^^^^ investigations office was estab- 

Manager of the EREP invesdgatioT office" xL^'^ffi^""*^ “ 

and mafagin: .T^rS 

MSC Announcement 72-10, 20 January 1972. 

bocatS “ pint “■•= M^bsomont OoLcil it 

current planning for contamination corol"oisTyrb»^"^^^^^^^^^^ 

entation had been scheduled to update the r... f ' T t 
ing to be held in Washington 7-8 March He asked thaMuS^^* 
in developing and delivering 

The following areas were to be covered- MSFr-h.el ^ KSC assistmg. 
d^^t^jdwata. and gmuud tast pm^um, MSC-oomm7d""a„'d 7v“' 

xrc„=tir;:rp,r*'- ^ 

ptter, William C. Schnsider to MSFC, MSC and KSC “Pnnfa • * n 

for Management Council/’ 27 January 1972. ' Contamination Preicntation 
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atm" experim^I: Z ATM rSHctZ'! 7“" 

photographs line drawil. , Investigators in the form of 

would Mude " *' 7"“!'' acivitfe 

mission of solar data for crew* radhr^*^'^ ^or acquiation and trans- 

operations; a 24-hour solar witrh during simulations and inflight 
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Oceanic s Prt«rain. •'Netionat 
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crystal growth, solidification. an7Zr"*Zs°ot'Z"''"”'* Z 
invitation was for u ^ ^ nonorganic substances. One 

while u:ritzZT;':Zi:c:ziid' u:r.h?’''r- 

was hampered bv effects of heat ronvp t* • a a technique on ground 

. ~d. .Oicsperi 

NASA News Release 72-22, 1 February 1972. 

Contamination control, a continuing pmbleiti in the space program was the suh 

IKC Sky htb Program Managers. He pointed out that this problem had r«dved 
constderable .attention, particularly in two ateas: (I ) cleanliness of rnTr ZZ 
durtng mannfactute and before launch; and (2) contamination coiroZf 1“ 
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duster during orbital operations, particularly of the man-related induced 
environment. 

Schneider said, . . the anomalous behavior of two experiments on Apollo 15 
substantiates the need for efforts of the foregoing nature and indicates to me the 

need for increased emphasis on contamination aspects of Skylab experiments. . . 

He added that a special effort should be directed toward assessment and elimina- 
tion of contamination possibilities in Skylab experiments to increase confidence in 
the ability of all experiments to function successfully. Schneider considered it 
neces-sary that all experiments be critically reviewed for susceptibility to malfunc- 
tion from contemination cither in the experiment itself or in its operating environ- 
ment. He further felt that a contamination “audit” of the manufacturing, 
transportation, and installation procedures used for each experiment should be 
conducted; the experiment cleanliness status should be determined; and accept- 
able (and realistic) contamination tolerance levels for experiment operation should 
be established. 

Schneider suggested that those objectives were identical to those of the Skylab 
systems operational compatibility review and would provide an appropriate and 
timely mechanism to accomplbh the audit. 

Letter, WUUam C. Schneider, NASA Hq, to MSFC, MSC, and KSC, ‘•Contamination 
‘Audit’ of Skylab Experiment*,” 4 F'sbruary 1972. 


Skylab management responsibilities. 
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MSC developed a Skylab flight management team plan that provided for coordi- 
nated management guidance for sustained mission periods, was flexible, and was 
capable of adjusting to varying mission and management situations. The pro- 
posed team would be composed of NASA management officials having primary 

the Skylab Program Director; the 
MSC, KSC, and MSFC Skylab Program Offices; the Director of Flight Opera- 
tions; and the Director of Flight Crew Operations. The NASA Skylab Program 
Director or his designee, who would be at MSC during the eight-month mission 
period, would serve as the senior Headquarters official at the Mission Control 
Center, chairing the flight management team meetings and coordinating decisions 
with other Headquarters’ offices to ensure that their requirements were met 


Letter, Christopher C. Kntft, Jr., MSC, to Dale D. Myers, NASA Hq, 14 February 


WiLiam C. Schneider (NASA Hq) issued a directive that listed the directorates 
wiffim the NASA Hq Skylab Program Office and spelled out the specific responsi- 
bilities of each. The Skylab organization was composed of directorates for project 
integration; program budget and control; reliability, quality, and safety; engineer- 
ing; and operations. 


Skylab Program Directive No. 57, “Functions and Responsibilities of the Head- 
quarten Skylab Program Office,” 15 February 1972. 
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Ftbruary 

14 


15 


EvaluaUon of events and redesign resulting from the May 1971 OWS-1 mete- 
oroid shield deployment test indicated that a successful "mechanical separation 
and deployment” must be demonstrated prior to shipment of the flight article to 
KSC. This retest would verify flight readiness of redesigned shield mechanisms 
and would be considered a vital part of the OWS-1 acceptance test. A pin-release 
panel would be used for this purpose after appropriate “walk-through” proce- 
dures were exercised and prior to the planned "ordnance deployment.” 

All three of these activities were to be performed at McDonnell Douglas prior to 
shipment of the flight article from Huntington Beach, and after arrival at KSC. 
“Walk-through” was defined as a simple verification that no mechanical binding 
of any hnkage would occur upon installation of the meteoroid shield. “Mechani- 
cal separation and deployment” was defined as a hands-off automatic deployment, 
with the shield rigged to less than flight loads, and a test that could be performed 
repeatedly without panel replacement. “Ordnance deployment ’ would represent 
the ultimate deployment verification. A separate ordnance panel with primary 
and backup expandable tubes would be required, and the deployment would be 
fully automatic and remotely controlled. 

Utten, William K. Simmons, Jr., MSFC, to F. J. Sanders, McDonnell Douglas. 

Orbital Workshop Meteoroid Shield Development,” 15 February 1972; Karl L. 

Heimbu^, MSFC, to L. F. Belcw, MSFC, “Orbital Workshop and Backup OWS 

Meteoroid Deployment Verification Test Recommendations," 4 February 1972. 
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Vibration testing began on the Apollo telescope mount prototype at MSFC. After 
vibration testing, the prototype would be disassembled and refurbished. It woul 
then become the backup ATM flight unit. 

MSFC, “Skylab Program Office Weekly Activity Report,” 22 February 1972. 


NASA Skylab Program Director William C. Schneider outlined the program’s 
progress in testimony during the House Committee on Science and Astronauti« 
Subcommittee on Manned Space Flight hearings on NASA’s Fiscal Year 1973 
authorization bill: “During the coming ascal year testing and checkout wiU be 
completed and operation of Skylab will have started. Within 2 years, the first 

Skylab . . . will have become part of history, having contributed new knowledge 

in many fields.’’ 

Skylab offered “an earth observation capability never before available to U.S. 
manned spacecraft. During the eight-month mission, Skylab would fly oyer the 
entire United States, except Alaska, much of Europe, all of Africa, Australia, and 
China, and almost all of South America— covering 75 percent of Earth’s surface 
and passing over each point every five days. By the end of 1971, 288 investi^- 
tions requiring Skylab data had been submitted— 249 U S. and 39 foreign. Of 
these, 164 had been identified for ^urther study. Skylau was the “firet manned 
space flight program designed specifically to carry activities and equipment ex- 
plicitly aimed at improving man’s life on earth. It will contribute significantly to 
the increase of knowledge of pure science and is also an experimental space sta- 
tion; a forerunner of permanent space stations of the future.” Earth-oriented 
sensors would test technology for synoptic surveys of many environmental and 
ecological factors and give preliminary data for management of ecologies systems^ 
Solar and astronomical observations and other science experiments would expand 
knowledge of the solar system, universe, and near-Earth space. Biomedical 
ments would inform how man’s well being and ability to function were affected 

by living in space. 


U.S. Congress, House, Subcommittee on Manned Space Flight of ‘‘jj 
Science and Astronautics, 1973 NASA AuthorUatwn: Hearings on H.R. 12824. 
Cong., 2d sets., Feb.-March 1972, pp. 168, 176, 179-180. 


MSG sent letters to approximately 160 potential EREP investigators to obtain 
clarification and supplemental information on the experiments. From the infor- 
mation, MSG would make recommendations to NASA Hq regarding the over^ 
size of the EREP investigation program, as well as specific investigations and 
supporting rationale. 

Letter, Christopher C. Kraft, Jr., MSC, to Charles W. Mathews, NASA Hq, 25 Febru- 

ary 1972. 

Goncern about crew exercise during Skylab led to a proposed crew exercise pro- 
gram for quantitating the amount and level of personal exercise performed by the 
crewmen during the 30 minutes a day set aside for personal exercise. 
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Letter, Christopher C, Kraft, Jr., MSC, to Dale D. Myers, NASA Hq, 28 February 
1972. 

A Skylsb stowage hardware review was held at MSFC. Plans for the stowage of 
flight crew equipment were presented by MSFC, MSC, and KSC. Factory close- 
out stowage and long-term stowage without retest were established as acceptable 
grr and rules. Maximum practical factory flight stowage would reduce the testing 
and stowage efforts at KSC. Crew verification of stowage hardware would be 
accomplished during systems test or formal crew compartment fit and function re- 
views at the manufacturers and KSC. 

Letter, William C. Schneider, NASA Hq, to Manager*, Skylab Program. MSFC and 
MSC, and Manager, Apollo-Skylab Programs, KSC, “Skylab Stowage Hardware, 

20 March 1972. 


The AM/MDA flight units were hardmated at McDonnell Douglas, St. Louis. 
The units would remain mated through checkout, delivery to KSC, launch, and 
mission. 

MSFC, “Skylab Program Office Weekly Activity Report,” 7 March 1972. 

The NASA Skylab Program Office approved the formation of a Scientific Airlock 
Working Group, designating MSC the lead Center, with full support from 
MSFC. Organization of the working group had been discussed at a scientific 
AM/Principal Investigator meeting at MSC 3 February and again during a 
T025 experiment (coronagraph contamination measurements) telephone confer- 
ence 28 February. As approved, MSC would appoint a chairman and MSFC a 
cochairman. The group would define and optimize flight operation requirements 
and would assist in defining the joint operation requirements of experiments m 
which data from one instrument complemented data obtained from a second or 
third instrument. Meetings would be held as appropriate, but at regular interv^. 
The chairman and cochairman would coordinate the activities of the working 
group with their appropriate Center elements. 

TWX, William C. Schneider, NASA Hq, to Kenneth S. Kleinknecht, MSC, 6 March 
1972.’ 

The Skylab rescue mission was a definite NASA commitment. The hardware, 
procedures, documentation, and training would need to be available immediately 
after the launch of Skylab 2 for a potential rescue mission. To accomplish this 
requirement, the rescue mission would be treated as a separate mission in the Sky- 
lab Program. The rescue mission would be established as a standing agenda item 
for major boards and panels, a- d its status would be reviewed on a regular basis 
with other missions. 

Memorandum, Kenneth S. Kleinknecht. MX. to Di.t., "Skylab Rewue Miuion 
(SL-R),” 7 March 1972. 
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13 


13 


17 


30 


Whi. .h. OSM wa. aoc..d 

powered down except *™ ' ' joj by addiUonal thetmosul controUed 

thermal control system, w „v,nve the freezing point for components, 

heatere, would maintain *' 

propenantj, and propellant Imes^ Whi [„„lation and a heat reflecting 

CSM would be in sunlight, ,bj, „ould be exposed to sunlight; 

themtal control pamt were on the shaded side. Tem- 

rt^^slde'" - “P'-'O “ ““ 

(-100°F). 

n 1 «P 1 0 “Skvlab Program Apollo Command/ 

North Arntrlean R.eh«tll '■“•f 
Service Modules,” 13 March 19 . 

Eflorts required lor the "S^cflvm Tre 

ated in the postmanulactunng che beckout requirements specificaUon 

being issued for ^ ieL development of an, 

document, which would be the fi acceptance checkout equipment 

acceptance checkout equipment nmloped from the test and 

software requirements document w^u ^ J ^ OWS/AM/ 

checkout specificaUon document. months, acceptance checkout 

MDA to meet the launch turnaround ’ I973. 

equipment would probably be required to be ready 

. . . i,f MSC to Leland F. Belcw, NASA Hq. 25 February 

k fbet rlefined the MSC-MSFC-KSC responsibilities in 
An inter-Center agreement that checkout, and launch activities 

integrating flight crew equipment in » ^ (KSC), Leland F. 

was approved by Skylab and James A. McDivitt, also of 

Belew (MSFC), Kenneth S_ cqitipment as Government-furnished 

crew iufo .he 

spacecraft. 

^ Ju 17 March 1972; KSC Management 1»- 
MSCM 8010, Program Management Gm , 

.uance 1050.2/AA, Ch. 2. 

. perwmal hygiene ^ 

acceptable. However, the j ^ because of its outgassing and flam- 

the individual personal hygiene kits, be delctea oec 

mability problems. ^ 

Memorandum, R. S. Johniton, 20 March 

gram, MSC. "MR&OD Review of Skylab Per. 

1972. 
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NASA announced opportunities to fly new materials science and manufacturing 
experiments in space. Proposals would be received no later than 30 March. 
Tentative plans called for the proposals to be evaluated and recommendations for 
their selection or rejection made by 1 May. Experiments recommended for Sky- 
lab would then be submitted to the Manned Space Flight Experiments Board for 
final evaluation in mid May. A directive for implementation of the selected ex- 
periments would be issued during the first week in June. 

Letter, Dale D. Myers, NASA Hq, to Christopher C. Kraft, Jr., MSC, 21 March 1972. 

MSC initiated a series of planning mect'ngs for the Skylab extravehicular activi- 
ties. Meetings would be held at MSC on the fourth Thursday of each month 
with representatives from MSC, MSFC, McDonnell Douglas, and Martin Mari- 
etta. The purpose of the meetings would be to establish and coordinate Skylab 
EVA operational requirements and constraints, review EVA hardware and verify 
its operational suitability, obtain an agreement on recommended flight activities 
and mission guidelines, identify and re.solve operational problem areas, and com- 
pile comments on EVA crew procedures and operational planning. 

Letters, Kenneth S. Klcinknecht, MSC, to Lela^.d F. Belew, MSFC, 15 February 

1972; Leland F. Belew to Kenneth S. Klcinknecht, 22 March 1972. 

Preliminary design reviews on the Skylab video tape recorder were held at MSC 
and MSFC. The most significant items discussed were flammability and outgas- 
slng, capability for recording Earth resources experiments package data, and inter- 
leaving the audio with the video. MSFC agreed to furnish an old video tape 
recorder engineering model for use in flammability and outgassing tests. 

TWX, Leland F. Belew, MSFC, to Kenneth S. Klcinknecht, MSC, 5 April 1972. 

A Skylab m^'dical experiments altitude test (SMEAT) operations management 
committee was established to review progress of the te t during the test period, 
assess real-time problems as they occurred, track open problems and corrective 
actions, approve and direct changes in test protocol or policy, release progress re- 
ports, meet with news media, and review and approve the daily report to the 
Director, MSC. 

SMEAT, a ground-based simulation test, was intended primarily to obtain and 
evaluate baseline medical data on the medical experiments scheduled for Skylab, 
including studies of the cardiovascular system, the expenditure of energy to do 
measured work, and food and nutritional investigations. The test crew of three 
astronauts, R. L. Crippen, W. E. Thornton, and K. J. Bobko, would also engage 
in a full schedule of activities of work, eating, leisure, recreation, and sleep com- 
parable to the Skylab schedule during their 56 days in the 6-m-diameter test 
chamber designed to simulate the Skylab OWS atmosphere. The test was sched- 
uled to begin 26 July 1972. 
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1972 Memorandum fur record, R. S. Johnston, MSC, 24 April 1972; SMEAT Press Con- 

ference, MSC, 23 June 1972, MSC News Releases 72- 135, 23 June 1972, and 72-P3, 

Apia 2 August 1972; newsletter, William C. Schneider, NASA Hq, to Dist., “Skylab Proricu • 

News,*' 31 May 1972; letter, R. S. Johnston to Principal Investigators, “Skylab 
Medical Experiment Newsletter,” 7 April 1972. 

6 NASA and the National Science Teachers Association announced selection of 25 

finalists in a Skylab Student Project to propose flight experiments and demonstra- 
tions for performance aboard Skylab in 197 . NASA had a**nounred the selec- 
tion of the Association for management and operation of the Skylab Student 
Project in Septen*oer 1971. Purpose of the project was to stimulate interest in 
science and technology by directly involving students in space research. 

Since the project’s inception, more than 1 5 000 applications for participation had 
been received from throughout the United States and overseas. Finalists’ pro- 
posals had been selected from these entries. The project, which had been initiated 
in the spring of 1971 by the NASA Administrator, involved students in grades 9 
to 13. 

Letters, William C. Schneider, NASA Hq, to Leland F. Bclew, MSFC, Kenneth S. 
Kleinknecht, MSC, Thomas W. Morgan, KSC, “Skylab Educational Program,” 3 May 
1971; William 0. Schneider to Leland F. Belew, “Skylab Student Project,” 2 Novem- 
ber 1971; Oale D, Myers, NASA Hq, to Robert R. Gilruth, MSC, “Skylab Student 
Project,” 16 November 1971 ; memoranda, Dale D. Myers to the NASA Administrator, 
“High School Student Participation in the Skylab Missions,” 18 August 1971; b. P. 
Brown, NASA Hq, to Dist., “Minutes Skylab Educational Program Team Meeting,” 

14 July 1971 ; William C. Schneider to Directors of Life Sciences, Physics, Astronomy, 
and Earth Observation Programs, “Review of Proposed Skylab Student Project Inves- 
tigations,” 17 md 21 March 1972; NASA News Releases 71-189, 28 September 1971; 
72-1, 3 January 1972; and 72 71, 6 Ap il 1972; TWX, William C. Schneider to 
Leland F. Bclew, Kenneth S. Kleinknecht, aid Thomas W, Morgan, “Skylab Student 
Project Final Selection,” 7 March 1972, “Weekly Progress and Problem Summary for 
the Administrator — Skylab Program,” 17 Jun ) 19V 1; newsletter, William C. Schneider 
to Dist., “Skylab Program News,” 31 May 19 '2. 

n MSC was authorized to procure EREP airciaft sensors for use in the Earth- 

resources aircraft p» >gram in support of underflight activities for Skylab EREP 
investigations. 

Memorandum, Dale D. Myers, NASA Hq, to As'ociat- Admi»ustrator for App ications, 
“Funding Support for Aircraft Sensors and Skylab Underflights,” 12 April 1972. 

13-14 At the NASA Manned Space Flight Management Council *iiceting, the Skylab 

Program Direct jr and the Center Program Managers presented a comprehensive 
review on the Skylab status. The participants agreed t *t every possible ci ort 
would be mrdc to maintan the 30 April 1973 launch readiness date for the Si - 
lab Workshop. 

“Minuteii MSF Management Council m ating,” 17 April 1972. 

During an Orbital Workshop meteoroid shield test at MSFC, it was discovered 
that in one hinge section of the foldout panel, nine of the 15 torsion sprinfjs were 
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installed in such a manner that th*!y were only 50-percent effective in action to 1972 

assist shield deployment. Action was initiated to ensure proper spring ac :ion. ^ 

Letter, W. K. Simmons, Jr., MSEC, to F. J. Sanders, McDonnell Douglas, “Orbital 
Workshop Meteoroid Shield Folded Panel Springs,” 17 May :972. 

MSFC, KSC, and MSC performed studies which identified the cost and reliabil- 21 

ity tradeoffs on planned one- and two-week slips between the launches of SL^l 
and SL-2. An analysis of the studies identified significant cost and reliability 
penalties that would be incuried if the SL—2 mission were slipped, reconfirmed 
the desirability of getting the CSM docked to the Orbital Workshop as soon as 
possible after launcii of SL-1, and recommended against extending the launch 
interval between SL— 1 and SL— 2. Launch plans called for a 1-day interval be- 
tween the two launches. 

Memorandum, William C. Schneider, N^SA Hq, to Associate Administrator for 
Ms.nned Space Flight, “Cost and Reliabili:y Tradeoffs Associated With Va- ing the 
Interval oi the Skylab-l and Skylab-2 Missions,” 21 April 1972. 

A telecon among the Skylab Program Managers (MSC and MSFC), Apollo- 25 

Gkylab Program Manager (KSC), md the Director, Skylab Program (NASA Hq) 
was held to discuss AM/MDA/EREP testing. It was agreed that the AM/MDA 
check, ut Ihiough simulated flight and altitude chamber testing would be con- 
ducted at McDonnell Douglas as rapidly a.s possible. EREP bench testing would 
also be conducted at McDonnell Douglas to verify EREP operation. Following 
the AM/MDA altitude chamber test and the EREP bench testing and before de- 
livery to KSC, «n integrated AM/MD.A/EREP system test and checkout would 
be conducted. Delivery to KSC was scheduled for 30 September 1972. 

Letter, William C. Schneider, NASA Hq, to Managers. Skylab Program, MSC an ' 

MSFC, and Manager, Apollo-Skylab, KSC, “AM/MDA-EREP,” 3 May 1972; TWX, 

LelPnd F. Belew, MSFC, to William C. Schneider, Kenneth S. Kleinknjcht, MSC, 

C. K. Williams, MSC, and R, C, Hock, KSC, “Airlock/MDA/EREP Agreements,” 

1 May 1972; MSFC, “Weekly Activity Report,” 4 May 1972; letter, Lcland F. Belew 
to Manager, Skylab Program, MSC, “EREP Integrated Bench Testing at MDAC-E,” 

18 May 1972. 

A compact shower assembly for use on Skylab Earth-orbital missions was designed 
and built at MSFC. ^’hc shower remained stored on the floor when not in use. 

Astronauts would step inside a ring on the floor and raise a fireproof beta cloth 
curtain on a hoop and attach it to the ceiling. A flexible hose with push-button 
shower nozxic touJd spray 2.8 liters of water from the personal hygiene tank dur- 
ing each hath. Used water would be vacuumed from the shower enclo.surc into a 
disposable bag and deposited in the waste tank. 

MSFC News Release 72 *38, 3 May 1972. 

Recently, one employee was killed and another seriously injured while operating ' During 

a gp.s-tight storage battery power supply at the MSC Water Immersion Facility. 
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Pro%isions were made so that each Skylab astronaut v ou'.d take a shower every week 
MSI C designed and built a shower assemhly to he stored as a co.npact umt n 
area of the workshop. .\t the left is a demonstrate., of ^e 
manner in ,vhieh an astronaut would step inside a ,ing mounted on the tt^r 
and raise the 109 -cm-diameter hoop to form the shower aiea. 

ir. hen attached to the ceiling (right), and the shower ,s ready for use. 


1972 

April 


May 

1 


4 


\„ Aod.lc.1 l„v.«iR..li<.,. B,>ard dc.crmincd ll.c cmK ot Ihc 
recommended conectivc .acliomr to help preclude such , .cedents ,n the future, 
rhe facility was used for astronaut training. 


Accident Investigation Report of the U ater 
Aoril 1972; letter, C:hristopher C, Kraft, J 
•9 


Immersion Facility Haitery Box Explosion, 
r., MSC, to Disi., same subject, 2b Jtmc 


n evaluation of the protection available to flight crews front hazards tucsociated 
ith ekctrical .shock fL powered equipment and front Inuldup of stat.c char^ 
as conducted. The cvaiuatktn c.onststed (tf a Skylab systems operations cot p. 
lUitics as.scssment review of the requirements uschI to implement ^ 

Action and < onfirmation of contractor efforts to ensure mtplemcntaUon o 
muiremenus. .\s,sc.s.smcnt of the review activities i.tdu ated that the rcqu.,emcnt, 
)r protection against shock and static charge had beat .irct. 

Letter, Lcland F. Below MSFC, t- Manager. Skylab Program, MSC, ••F.lee.roshoek 




suit-drying crew station and design review was held at McDo.tnell Do gla^ 
presentatives from MSC ami MSl'C attended. Baste design and 
feXt for equipment stowage, suit drying, and desiccant canister drytng were 
md to be gcnLllv acceptable. However, the launch storage ^ 

^ desiccant canisters and provisions for m.dntaining a dryness level while suit 
stored in the command module between use were not completely resolved. 
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The objective was to maintain a 50-perccnt relative humidity level within the 
astronaut suits during inflight storage to prevent a potential fungal contamination. 

Letters, S. D. McIntyre, MSFC, to Dist., “Suit Drying Crew Station ard Design 
Reviev' Minutes,” 9 May 1972; S. D. McIntyre to Dist., “Minute i to Suit Drying 
Modification Review at MDAC,” 13 April 1972; Leland F. Bclew, MSFC, to Manager, 
Skylab Program, MSC, “Orbital Workshop Suit Drying Provisions,” 22 March 1972; 
note, Leland F. Belew to E. F. M. Rees, MSFC, “Suit Drying Station Status,” 26 May 
1972. 


NASA Hq iss> "d a revised policy for Skylab scientific investigations. The ba^c 
concept of the policy, which was Issued on 4 October 1971, remained unchanged. 
However, two significant phrases, “proprietary rights” and “exclusive use of 
data,” were eliminated by the revision. 

Letter, William C. Schneider, NASA Hq, to MSFC, MSC, KSC, Ames Research 
Center, and LaRC, “Skylab Policy for Scientific Investigations (Revision A),” 8 May 

1972. 


NASA officials met at MSFC with the 25 national winners of the Skylab Student 
Project comf)ctition to discuss design of the experiments and demonstrations. 
During the week, each of the students and their teachers met with their NASA 
advisors and participated in preliminary design reviews. An informal dinner was 
held on 1 0 May with the 25 winners, their teacher-sponsors and chaperones, local 
officials, and the news media participating. During the visit the students also 
toured MSFC laboratories and the Alabama Space and Rocket Center. 

TWX, Leland F. Bclew, MSFC, to MSC Manager, Skylab Program, “Dinner Speaker 
for Student Project Preliminary Design Review Activities,” 1 May 1972; newsletter, 
William C, Schneider, NASA Hq, to Dist., “Skylab Program News,” 31 May 1972. 

A meeting was held at MSFC to discuss Skylab data retention and retrieval plans. 
Representatives from NASA Hq, MSC, KSC, Goddard Space Flight Center, and 
MSFC attended. Items discussed included storage of original data, data storage 
and retrieval to meet the needs of primary experiment and systems data users, and 
provision of data to national data centers. It was agreed that 

• MSFC would establish a storage and retrieval facility to handle original 
telemetry data. 

• MSC would establish local data archives to accommodate storage and 
retrieval of all Skylab data for which MSC' is responsible. 

• KSC data retention policy for Skylab was similar to the Apollo policy. 

• Goddard Space Flight C.cntcr prcliminar)’ space flight tracking and data 
network management plan for Skylab was conqiatiblc with the plans pTCsented 
hy MSC, KSC, and MSFC. 

Letter, R. O. Aller, N.ASA Hq. to Dist., “Minutes of the Skylab Data Rctenti >n 
Meeting,” 12 May 1972. 
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1972 

May 

11 




17 


18 


The Apollo telescope mount crew compartment fit and function review was con- 
ducted at MSFC. Skylab astronauts participated. ATM flight cameras and film 
cassettes were checked during the levicw. 

MSFC, “Skylab Weekly Activity Rep >rt,“ 16 May 1972. 


A proposal by the University of Texas, through MSG, for use of a Skylab external 
gas analyzer was disapproved. The mass spectrometer, which would provide a 
capability to determine the composition and pressure of the external gaseous 
environment, would augment planned contamination monitoring. However, it 
was felt the cost and program impacts of the proposed mass spectrometer would 
outweigh its benefits; therefore, the decision was made not to develop the 
equipment. 


Letten, William C. Schneider. NASA Hq. to Diicctor Skylab Program 

External Atmosphere Gas Analyzer," 24 April 1972; Leland F Belew, MSFC to 

Manager, Skylab Program, NASA Hq, “Skylab External Atmosphere Gas Analyzer, 

12 May 1972. 


The following dates and locations were established for Skylab deugn certification 
reviews: 


Design Certification Review 

Launch vehicle 513/206 
Command and service modules 
MSC experiments 
MSFC experiments 
Mission/cluster (two parts) 
Operations 
Cluster systems 

Launch complex/launch vehicle- 
ground support equipment 


Date 

Location 

8-9 June 1972 

MSFC 

25-26 July 1972 

NASA Hq 

10-11 Aug. 1972 

MSC 

14-15 Sept. 1972 

MSFC 

5-6 Oct. 1972 

MSC 

10-12 Oct. 1972 

MSFC 

January 1973 

— 


All center DCR plans and activities would be scheduled to comply with the above 
datcr 


Letter, William C. Schneid.-r NAS/ Hq. to Manager, Skylab Program 
Program, MSFC, Manager, Skylab Program, and Manager Apollo-Skyl^^^ 

grains, KSC, “Establishment of Design Ccrtificatton Reviews Schedule, 17 May 1972. 


An engineering walkarouiul inspection team for the Skylab modules was estab- 
lished.' Inspection would provide MSC and MSFC program personnel with first- 
hand knowledge of the w..'-kmanship condition of the modules immediately More 
shipment. Inspections wou'.l be performed, as nearly as possible, '^n'^ediately 
before compartment sealing, but after the hardware was stored. Walkt^und 
insFction would be made of the OWS and AM/MDA. Team pentonncl were 
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MSFC News Release 72-72, 12 June 1972; MSFC. “Skylab Weekly Activity Report.” 

13 June 1972. 

A Skylab launch vehicle design certification review board met at MSFC. Repre- 
sentatives from NASA Hq. KSC, MSC, MSFC. North American RockweUs 
Rocketdyne Division, Chrysler Corporation, The Boeing Comply, McDonnell 
Douglas, North American Rockwell, IBM, and General Electric attended the 
review. Purpose of the design certification review was to examine the adequacy of 
the launch vehicles used for SL-1 and SL-2. Changes required on the Saturn V 
and Saturn IB were examined to determine overall vehicle capabilities m meetmg 
SL-1 and SL-2 mission requirements. From its findings, and subject to closeout 
of open work items, the board certified the launch vehicles for SL-1 and SLr-2 
missioris. 


Letter William C. Schneider NASA Hq, to Dist., “Skylab Launch VeWcle Derign 
Certifi’eation Reviev ,” 3 July 1972, “Minutes of Launch Vehicle Design CertificaOon 




Award of a contract to Itek Coi-poration, Optical Systems Division, for three 
multispcctral camera systems was announced by MSC. Cameras would be ^d 
on MSC’s Earth resources aircraft in conjunction with Skylab misaons. The 
airborne multispcctral photographic system would obtain photos from altitude of 
378 km. Each photo would r.how more than 12 POO km* of the Earth’s surface. 
Photos would be used in a.ssessing urban and metropolitan growth and laud use 
patterns and in inventor>'ing crop, range land, and forest resource. 

MSC News Release 72-130, 9 June 1972. 

An MSC-KSC subagreement defining the reponsibilities and the inter-Center 
participation and coordination necessary for lest and checkout for preparation 
and launch of the Skylab Program CSM was approved by Robert C. Hock, 
KSC Skylab Program Manager, and Kenneth S. Kleinknccht, MSC Skylab 
Program Manager. 

MSCM 8010, Program Management Guide, 18 June 1972. 

A Skylab CSM design certification review board met at MSC. Representatives 
from NASA Hq, MSFC, KSC, MSC, and North American Rockwell attended. 
G L Merrick (North .American) reviewed the progra;n status and the various 
milf-’tone reviews in support of ihe Skylab CSM program. Dc.scripti.ns of the 
CSM modifications required for Skylab were presented. Following tl,c presento- 
tions, the board concurred in accepting the design of the Skylab CSMs as capable 
of supporting the Skylab Program. 

“Minutei, Design Certification Review Skylab CSM Phase II," 7 July 1972; “Skylab 
DCR CSM Certification,” 14 July 1972. 
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Msro, "a,ia, <»» w,»«, a.w„ j, 

P^ccepMce <*mS'lo™kytab''fl'i»hrh "“PoiBibailies on 

The insbucta JaSS „ * A «pcrimenB, ,„d aowage 

-•in,, and <-ocnn.e„.“aTe~:^^^^^^^^ 

integration site, or launch site. ^ ^ ^ development site, 

Skylftb Pro^i-am Directive No a 

, -Acceptance Change Control,” 6 July 1972, 

Xib rt 'r “*■“ '»• 

by the National Science Teachers '^‘""^rs selected 

?-!««*<. invaadgadons“a„«:L^r«^^ Tb' -b« - 

incompatible with the 5?kvlab envimnm » because their performance was 
would involve a deveLpmlt p 

the Skylab schedule. The Skylab Student P ^ accommodated witlain 

Administrator for Manned 

Experiments Board. ^ Space Flight 

.o Executive SecreUPy, MSFEB. 

Skylab Student Project,” 28 July 19 V 0 Apollo-Skylab Programs, KSC, 

»« msfc 

the DCR scheduling and procedures. ^ ^ 

memorandum, Willia°r!i^’i’‘’srhne?dt^ NM July 1972; 

Manned Space Flight. “DCR Appr. ach ” 20 July 1972.° t" 

Responsibility for hardware for the Earth recy 

transferred to the Skylab Experiments Proiect OffT 

^velopment Directorate, MSC. Responsibility for EREP L^ f 

the Science and Applications Directorate sinre' n k ^ assigned to 

reached the stage of delivering hardware f * ^ program had 

Skylab Program. ^ ‘ < or integration and operation in tlie 

MSC Announcement 72-106, 14 July 1972. 
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A Skylab vibration and acoustics test program which began at MSC in January 
1971 was completed. The 18-month test program was characterized by extreme 
complexity requiring highly innovative testing techniques. It was the first time 
that an extensive test operation was conducted with a computer-controlled system. 
All components of the Skylab payload assembly were involved in the test program. 
The complete assembly, as it would be at launch, underwent vibration and 
acoustic tests. Ther the cone and shroud were removed, the ATM deployed, and 
the eSM joined to the MDA fo" tests with the assembly positioned as it would be 
in Earth orbit. 

MSFC News Release 72-87, “Skylab Vibration and Acoustics Tests End/’ 17 July 
1972; MSEC, “Weekly Activity Report/* 2 August 1972; letter, E. F. M. Rees, 
MSFC, to Christopher C. Kraft, Jr., MSC, 2 August 1972. 

An Orbital Workshop all-systems test began on 17 July 1972 and was completed 
on 7 August 1972 at McDonnell Douglas’ Huntington Beach Vehicle Checkout 
Laboratory. Following the test, which la.sttd 309 hours, a meeting was held tj 
verify that the OWS all-systems test had been successfully completed. At the 
conclusion of the meeting, it was agreed that pending closeout of the test 
anomalies, all test requirements had been satisfied. 

TWX, F. J. Sanders, McDonnell Douglas, to MSFC, MSC, NASA Hq, and KSC, 
“Flash Report, OW-1 All Systems Test/’ 11 August 1972. 

The first command and service modules designed for the Skylab Program were 
delivered by North American Rockwell. The CSM arrived at KSC via the Super 
Guppy aircraft. Upon arrival, the CSM, which would be launched on SL-2, was 
installed in the Operations and Checkout Building to begin its checkout 
procedure. 

Newsletter, William C. Schneider, NASA Hq, to Dist., “Skylab Program News,’’ 22 
August 1972. 

A recommendation was made during an Agency budget review to abolish two 
systems at KSC which were used primarily to support MSC for Apollo. The 
two systems were the Apollo launch data system and the countdown and status 
transmit system. MSC concurred in the deletion of the first of these immediately 
following Apollo 17. MSC also concurred in deletion of the second one if a 
meaningful cost reduction would be realized, even thougl the Ci:nter considered 
the countdown and status transmit system a desirable cap ibility. 

LcUer, Christopher C, Kraft, Jr., MSC, to Kurt H. Debus, KSC, 2'6 August 197^. 


AM/MDA simulated flight tests and altitude chamber tests were completed at 
McDormell Douglas with the flight crew participating. During the altitude test, 
the flight crew operated the s>vStcms lus they would during an actual flight. 

M£C, “Skylab Weekly Activity Rjport/’ P August 1972. 
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Astronauts Ro^rt L. Crippen. William E. Thom- 

Dort J- receive moral sup- 

port and l^st wishes from, left to right, Royce 
Hawkins, Kenneth S. Kleinknecht. Sigurd A 

ih^’ before entering 

20-fTOt altitude chamber at MSG to par- 

ficipate in a 56-day Skylab ^Medical Experl 
ments A titude Test. The test, which started 
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dam and cva uate medical experiment equip- 
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The Skylab Program Ofiices at NASA Hq and MSFC were reorganized to meet 
the changing phase of Skylab activities. 


Memorandum William C Schneider, NASA Hq, to Managers, Apollo and Skylab 

’^SFC, “ML Organization Realignment,” 3 August 1972; 
MSFC C.harter No. 88, MM 1 142.2, 3 August 1972. * 


MSFC was conducting a series of manned tests in an altitude chamber to evaluate 
the Skylab environmental control system. Crew comfort under simulated space 
conditions was being emphasized. Tests were being conducted with chamber 
pressure at sea level and reduced to 34.5 kilonewtons per sq m (5 psi, absolute) 
the pressure normally found at an altitude of 8200 m. This was the internal 
pressure level at which the Skylab was to operate in space. 

NASA News Release 72-162, “Skylab Tests,” 8 August 1972. 


Critical design reviews were conducted at MSFC for student experiments for 
which hardware development was approved. Representatives from KSC, MSFC, 
N^A Hq, and J4SC attended the reviews, as well as the student investigators 
whose experiments were involved. Results of the reviews were satisfactory. 


Letter, Leland 
sign Reviews/’ 


F. Belew, MSFC, to Addressees, *‘Skylab Student Project Critical De- 
13 July 1972; MSFC, “Wee My Activity Report,” 17 August 1972. 


The Skylab upgraded TV camera final design review was held at MSC. The 
review covered in detail the electrical and mechanical design, as well as selected 
manufacturing, test, and reliability aspects. Emphasis was placed on previous and 
current problem areas and solutions and on specific questions and discussion 
subjects raised by Center and contractor attendees. Two design problems received 
particular attention: camera hangup during retrieval into the scientific airlock 
and lens adjustment binding durii g external Iow-temperatu.e camera operaUon. 
Both problems were in the process of being resolved. 

MSC, “Skylab Weekly Activity Report.” 18 August 1972. 


A meeting was held at Goddard Space Flight Center to discuss the possibility of 
establishing an emergency mission control center for Skylab at Goddard. Per- 
sonnel from MSC and Goddard attended the meeting. The main point of 
discussion centered around the desire to establish an emergency center at little or 
no cost to the two Centers. 

Mcniorandun or record, R. O. Britner, Goddard Space Flight Center, “Skylab Emer- 
gency Mission Control,” 18 August 1972. 

MSC Skylab Pmgram Manage.- Kenneth S. KIeinkne.:bt said there was no basic 
rcquircmeiit for including wine in the Skylab menu. In vetoing its use he iiaid 
that the beverage was not necessary for nourishment or to provide a balanced 
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diet; It not a fully developed menu item and would involve an unnecessary 
expense; it would aggravate a minor galley stowage problem; its use would 
invahdate the experimental results of Experiment M071, mineral balance; and it 
would result in adverse criticism for the Skylab Program. 

Memoranda. Kenneth S. Kleinknecht to Director, htSC, “Skylab Menu,” 10 August 
A ^ NASA Hq, to Deputy Administrator, “Use of Sherry on Sky- 


NASA Hq published instructions which outlined the basic duties, responsibilities, 
and procedures to be followed in implementing a Skylab mission contingency 

rcviCMT, 


OMSF, “Skylab Mission Contingency Review Plan"; letter of transmittal, William 3. 
S^neider NASA Hq, to MSC, MSFC, KSC, GSFC, and Patrick Air Force Base, 
Mission Contingency Review Plan,” II August 1972. 


^e Saturn IB first stage for the Skylab 2 launch arrived at KSC aboard the 
NASA barge Orion and was immediately offloaded for processing in the Vehicle 
/^mbly Building (VAB). Following preliminary checkout in the VAB transfer 
^c, the S-IB 206 first stage would be erected atop the 39-m-tall pedestal on 
Mobile Launcher 1 on 31 August. 

KSC News Release 246-72, 22 August 197.. 


A design certification review of MSC Skylab Government-furnished equipment 
was held at MSC. Representatives from NASA Hq, MSFC, MSC, Martin 
Marietta, and The Boeing Company attended. Items of equipment’ covered 
included Orbital Workshop food and food trays, biomedical instrumentation, 
the carbon dioxide dew point monitor, the inflight medical support system, Skylab 
mobile laboratories, and radiation monitoring equipment. 

‘Minutes of Meetmg, Pw.gn Certification Review, Phase II,” 18 August 1972. 


A Skylab Program safety analysis report was being prepared by NASA Hq for 
submittal to the Administrator at the time of the flight readiness review. The 
report would provide a compilation of the risks associated with Skylab flights the 

manner in which they had been accommodated, and the rationale for acceptance 
of the remaining risks. 


Hq, to Managers, Skylab Program, KSC, MSC, 
and MSFC, Safety Analysis Report for Skyiab,” 20 August 1972, 


A Skylab Advisory Group w:ts established at Headquarters for the purpose of 
effecting maximum scientific and technological output from the Skylab Progiam. 
The Group, whose membership consisted of the Directors of the Earth Observa- 
tions, Life Sciences. Adv-nneed Manned Missions, Space Technology, and Physics 
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and Astronomy Offices, would meet on a regular weekly schedule with the Skylab 
Program Director during the Skylab missions. 


Newsletter, William C. Schneider, NASA Hq, to Dist., “Skylab Program News,” 22 
August 1972. 


Twenty-four Skylab suits were delivered by the space suit manufacturer, Inter- 
national Latex Corporation; five were ready for delivery, nine were in the 
manufacturing process, and material for the remaining three had been procured. 


Letter, William C. Schneider, NASA Hq, to Associate Administrator for Manned 
Space Flight, “Skylab Spacesuit Situation,” 25 August 1972. 


MSC Director Christopher C. Kraft, Jr., Deputy Director Sigurd A. Sjoberg, 
Director of Life Sciences Richard S. Johnston, Director of Flight Crew Operations 
Donald K, Slayton, MSC Sk>lab Program Manager Kenneth S. Kleinknecht, and 
members of the Skylab medical experiments altitude tests (SMEAT) team met to 
review the status of the test program. The team recommended that the test be 
continued for its full duration of 56 days. Personnel at the meeting felt that the 
56 days of physiological baseline data and the additional hardware and procedural 
evaluation vvhich could be performed in the additional three weeks would out- 
weigh any gain from an early termination of the SMEAT program. In addition, 
early termination would shorten certain evaluations requiring other test programs 
to be conducted. The consensus was that SMEAT should proceed to its full 
duration. The MSC Director approved the recommendation. Half of the max- 
imum 56 test days were completed with the crew in excellent health and spirits. 
The crew and test teams were still performing to the prcestablished time lines and 
schedules with little or no deviations. The test showed that even though Skylab 
equipment was built in the same manner as equipment for other space programs 
and was thoroughly tested in qualification and acceptance tests, when the equip- 
ment and crew were brought together in a flight environment, problems developed 
that could not be discovered in other ways. One of the more significant problems 
thus far was with an instrument called the metabolic analyzer, designed in part to 
measure oxygen cons imed and carbon dioxide produced. The instrument had 
not been working as ii should before the test, but it was hoped that enough 
engineering data could be generated during the test to correct the problems. The 
test cJso provided a means of bringing together a flight operations, medical, and 
crew procedures team and giving them some indication of the problems they 
might experience in working out their procedures in ? flight environment. 

“SMEAT Four-Week Status Report,” 2Z Aupust 1972; memorandum for record, 

R. S. Jol nston, 1 September 1972. 

Six mobile laboratories were being designed for postflight conduct of the Skylab 
medical experiments. The laboratories would remain at MSC in a semiopera- 
tional state until just prior to mission termination. An elapsed time of 17 hours 
would be required to fly the laboratories on a C-5.\ aircr;'ft from MSC to one of 
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four Pacific islands in the splashdown area. A one-hour elapsed time from splash- 
down to laboratory entrance for the flight crew was established by experimenteni 
as necessary to obtain experimental data before readaptation changed the degree 
of deconditioning caused by extended exposure of the crew to zero-g. 

Letter Ken^neth S. Kleinknecht and R. S. Johnston, MSC, to NASA Sk/lab Program 
Director, Skylab Mobile Laboratories,” t September 1972. 


An MSC team was conducting tests with the rescue mission configured Skylab 
command module at KSC. Purpose of the test was to evaluate the equipment, 
techniques, and procedures involved in the egress required by a five-man com- 
mand module loading. Navy and Air Force helicopters were participating in 
the test. r o 

KSC, “Weekly Progress Report,” 1 September 1972. 


A special ceremony at McDonnell Douglas, Huntington Beach, marked comple- 
tion of the OWS, the main section of the Skylab space station. The OWS with 
a volume equivalent to that of a five-room house, was being readied for shipment 
to Cape Kennedy aboard the USNS Point Barrow. The trip would take 13 days. 

Officials present at the Orbital Workshop turnover at McDonnell Douglas, Hunting- 
ton Beach, included, left to right, Willis B. Shapley, NASA Deputy Associate 
Administrator; Casper Weinberger, Director of the Office of Management and 
Budget; Janies C. Fletcher, NAS.A Administrator; Eberhard F. M. Rees, MSFC 
Director; Walter F. Burke, McDonnell Douglas; and Dale D. Myers, NASA 
Associate Administrator for Manned Space Flight. 
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Casper Weinberger, Director of the Office of Management and Budget, and 
Tames C. Fletcher, NASA Administrator, attendee the completion ceremony. 
Among officials who attended were William C. Schneider, Skylab Program 
Director- Eberhard F. M. Rees, MSFC Director; Leland F. Bclew MSFC 
Skylab Program Director; William Simmons, Jr^, ^SFC Workshop Mjm^cr^ 
Kenneth S. Kleinknecht, MSC Skylab Program Manager; Robert C. Hock, KSC 
Skylab Program Manager; and Walter J. Kapryan, Director of Kennedy Launch 

Operations. 

Also attending were Walter F. Bu kc. President of McDonnell Douglas 
Ucs Company; Raymond A. Pepping, Vice President-General Manager, Skylab, 
Fred T Slanders, Program Manager Skylab/Orbital Workshop; E. T. ^isselberg, 
Proir;m Manager-Skylab Airlock, and California Congressmen Alphonzo Bell 

anc Barry Goldwater, Jr. 

v-Fr “Svvlab Program Office Weekly Activity Report,” 12 September 1972; 
"M^nuie, of SvVS 1 Pre-delivcry Turnover Report Board Meeting ” 6 Septem^r 
1972; TWX, O. S. Tyson, MSFC, to Dist., ”OWS-l Shipment. 8 September 1972. 

A Skylab Mission Operations design Certification review was held at MSC. 
tpliltivc from NASA Hq. MSFC, MSC, KSC, Goddard FlrgM 

Center Lewis Research Center, North American Rockwell, and Ma t a Mane a 
attended. The agenda contained such items as mission charactenstxs 
flight operations, flight control team stricture, major unique mission '“li^hiSht 
crL training program, and manned safety assessment and operations. The de- 
sign certification review board certified the adequacy of planning and nrepaiations 
rrrffiln operations’ requirements for Skylab, based upon the finding: of 
the review, and contingent upon die satisfactory closeout of the open items. 

••Minutes of the Skylab M .sion Operations DCR,” 15 September 1972 ; 

C. Schneider, NASA Hq. t, Dist., -Skylab Mi^aon Operations Design Certifica- 

lion Rc^'icw,” 16 October 1972. 

The Skyl-.b Apollo KleKope mount urrived ut the KSC diid strip aboard a G»p^ 
alrcrat/ The ATM, erhich had been at MSC since mid-July, was immediately 
Operations and Cbeekuut Building in l^Cs indunnal ^a u.^ 
Taced in the cleauroom lor intensive eheekout. T1 e ATM wiB ^ 

moved in January 1973 to the Vehicle Assembly 1, Hiding lor maung with lb 
SwS atop the iwlsuge Saturn V launch vehicle. Tht Skyltd. orbital a^My- 
“Isthlg^- the owl, the ATM, and the AM/M»A--wa, sch«iulcd lo be 
launched from Pad A of Launch Complex 39 m late /‘pril 1973. 

970 72 . 26 ScDtcmber 1972. 


me Skylab 1 Orbital Workshop was offloaded (rum a NASA bar^ mtd mov^ 
nto the transfer aisle of tlic Vehicle Assembly o. ilding (V/.3) at KS .. 

3WS had arrived the preceding day (22 Scptcnibcr) aboard t c otn arrow ai 
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The Skylab 2 crew participated 
in a series of simulation 
exercises in the MSC Sim- 
ulation and Astronaut 
Training Facility. The sim- 
ulations, which ended 20 
September 1972. included: 
above, Joseph P. Kervvin 
at the Apollo telescope 
mount console; right, Ker- 
win in the human vestibu- 
lar function experiment 
(M131) chair with Paul J. 
Weitz recording the results 
at the right of the picture 
and Charles Conrad, Jr., 
in the background riding 
the bicycle ergometer; and, 
bottom right, Conrad in- 
stalling film in the Earth 
Resources Experiment 
Package, located in the 
multiple docking adapter. 
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Port Canaveral, where it was transferred to a smaller barge for the journey 
through the locks, up the Banana River, and through the access canal to the barge 
unloading area at the VAB. Following preliminary checkout, the OWS, with its 
361.4 cu m of living and working area, was scheduled to be mated to the two- 
stage Saturn V launch vehicle on 28 September. 

KSC News Release 270-72, 26 September 1972, 

An Apollo telescope mount turnover review board meeting was held at MSFC 
with representatives from NASA Hq, KSC, MSC, and MSFC in attendance. 
There were no constraints to shipment from MSFC or KSC acceptance of the 
ATM. No action items were assigned. 

"Minutes of Meeting/’ 25 September 1972; letter, R. Ise, MSFC, to Dist, "ATM 
Turnover Review Board Minutes," 11 October 1972. 

A news conference was held at MSC on the Skylab medical evaluation altitude 
test, which had ended 20 September. The test had brought together a multi- 
disciplinary team from the Life Sciences, the Flight Operations, and Flight Crew 
Operations Directorates in a dress rt rsal for the Skylab missions. The tests 
had exercised the procedures and the uc*ca management, reduction, and arrange- 
ment into format for use in making decisions that would be needed in the Skylab 
flights. Data to date indicated there would be no significant changes in the 
functioning of the human body in the environment of Skylab. Some hardware 
problems included the urine volume measuring system, the metabolic analyzer, 
the sleep monitoring system, and food packaging. None of these, however, posed 
any threat to the Skylab flight. 

SMEAT press conference, 26 September 1972. 

26 Agreements were reached between the Office of Applications and the Office of 

Manned Space Flight on the management and conduct of the EREP project 
assigned to Skylab. EREP was one element of an Earth resources survey program 
designed to demonstrate the fcasibilit) of using remote sensing in the solution of 
resources problems. Other elements of the Earth resources survey program 
included ERTS, Earth resources aircraft program, ground truth studies, and 
supporting research and technology programs. 

Memorandum of understanding for EREP management, Charles W. Mathews and 
Dale D. Myers, NASA Hq, 26 September 1972, 

28 eSM 1 19 would be utilized in a dual role: as a spacecraft rescue vehicle for the 

Skylab Program and later for the Apollo-Soyuz Test Project. However, CSM 111 
would continue to be the primary Apollo-Soyuz Test Project spacecraft. 

Letter, Christopher C. Kraft, Jr., MSC, to Dale D. Myers, NASA Hq, 28 September 
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The multiple docking adapter, a major 
experiment control center for the na- 
tion’s first manned space station, 
moves through the air suspended 
from a crane during tests at the 
Martin Marietta facility at Denver, 
The pier of the space station, it con- 
tains two ports where Apollo com- 
mand modules can dock. In the 
picture at left, engineers are shown 
testing the 7000 electrical connec- 
tions and 9.3 km of wiring before the 
unit was flown to the McDonnell 
Douglas plant in St. Louis for mat- 
ing and tests with the airlock module. 
— Martin Marietta photo. 


1972; memorandum, Dale D. Myers to Christopher C. Kraft, Jr., “Storage and Utili- 1972 

zation of Apollo Command and Service Mudules,” 30 October 1972. 

September 

Representatives of MSFC, MSC, McDonnell Dougla.s, and Martin Marietta 28 

attended an AM/MDA engineering walkaround inspection in St. Louis. The 
general quality of the flight module was found to be acceptable. 

Letter, J. A. Chambers, MSFC, and W. H. Douglas, MSC, to Managers, Skylab Pro- 
gram, MSC, KSC, and MSFC, ‘‘AM-MDA Engineering Walkaround Inspection,** 

25 October 1972. 

An agreement was issued which defined the policy and responsibilities of KSC Oetob»r 

and MSC for the control of MSC-licensed radioactive material designated for ^ 

launch support and flight at KSC. The agreement was approved by Kenneth S. 

Kleinknecht and O. G. Morris (MSC) and R. C. Hock (KSC). 

“MSC/KSC Subagreement on Control of MSC-Licenscd Radioactive Material for 
Apollo and Skylab Programs,” 2 October 1972; letter, R, C. Hock to Dist., same 
subject, 2 October 1972. 


A modules and experiments design certification review was convened at MSFC. 5-3 

Repre-sentatives from N.\SA Hq, MSC, MSFC, KSC, Ames Research Center, 

LaRC, Department of Defense, Department of Transportation, various NASA 
contractors, and Principal Investigators attended. Purpose of the review was to 
assess and certify that the design of the OWS, MDA, payload shroud, AM, and 
ATM met Skylab requirements for performance, reliability, Jind safety, 

**Minutes of the MSFC Modules and Experiments Design Certification Review,** 2-3 
October 1972; letters, William C. Schneider, NASA Hq, to Dist., “Skylab MSFC 
Modules and Experiments Design Certification Review,” 11 December 1972; Kenneth 
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S. Kleinknecht, MSC, to Skylab Program Director, “Design Certification Status,” 
15 November 1972. 


The first major test of the OWS — the meteoroid shield deployment^ — wa^ started 
3 October at KSC. Problems were encountered with improperly torqued deploy- 
ment torsion bars and latch failure in the open position. One torsion bar was 
replaced and the others retorqued. The meteoroid shield was successfully de- 
ployed on 22 October when three out of four latches worked, and it was judged 
acceptable for flight. By 29 October all work had been completed, and the 
meteoroid shield was placed in flight configuration. 

KSC, “Skylab 1 Post-Launch Report,” 8 June 1973, p. 2-8. 


NASA Hq authorized MSC to acquire a computer to perform data acquisition, 
monitoring, and storage of postflight medical experiments in the Skylab mobile 
laboratory. 

Letters, Christopher C. Kraft, Jr., MSC, to Dale D. Myers, NASA Hq, 11 August 
1972; M. K. Wible, NASA Hq, to MSC Director, “ADP Acquisition Plan for ii 
Computer System to Monitor Post Flight Medical Data in the Skylab Mobile Labora- 
tory,” 6 October 1972; memorandum, G. M. Truszynski, NASA Hq, to Associate 
Administrator for Manned Space Flight, 5 October 1972. 


The Skylab 1 airlock module and multiple docking adapter are moved to the work 
stand at Kennedy Space Center. 
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Experience gained during the design and development of the Skylab Program 
showed that contamination and its control required considerable attention during 
development and test phases and during flight operations; therefore, it was 
recommended that the Space Shuttle Program give consideration to the estab- 
lishment of a full-time group of qualified personnel to handle the subject of 
contamination. 

Memorandum, William C. Schneider, NASA Hq, to Acting Director, Space Shuttle 
Program, ‘Contamination Control on Skylab as it relates to Shuttle," 10 October 


A duster communications compatibility meeting was held at MSC. Representa- 
tives from MSEC, Goddard Space Flight Center, and MSC attended. Purpose 
was to review the status of testing AM and ATM communications systems. AM 
audio and television systems were nearly complete. ATM telemetry and command 
systems were complete. 

MSFC, “Weekly Activity Report,” 24 October 1972; letter, Leland F. Belew, MSFC, 
to Director, Skylab Program, “Skylab Communications Operational and Compatibility 
Testing,” 16 October 1972. 


The test report on the Skylab medical evaluation altitude test which ended 20 
September noted that potential hardware problems had been recognized, but that 
early recognition afforded time for analysis and resolution before use of the hard- 
ware in the Skylab missions. A higher degree of confidence had been gained in 
the ability of the medical hardware to support the Skylab objectives. Skylab flight 
control personnel and Principal Investigators participated in the test under simu- 
lated manned space flight network conditions to evaluate support required for 
actual missions and to note where improvement could be made. Safety, reliability, 
and quality assurance personnel were exposed as a team to the integrated per- 
formance of Skylab medical hardware and would develop their overall plan to 
support actual missions. 

“SMEAT Test Report,” 18 October 1972, 


A Skylab cluster systems de.sign certification review was conducted at MSFC with 
representatives from NASA Hq, MSFC, KSC, Lewis Research Center, and MSG. 
Contractor representatives included Martin Marietta, McDonnell Douglas, TRW, 
IBM, and Bendix Corporation. The review concluded the flight hardware and 
systems design certification effort which had begun earlier in the summer All 
hardware was certified for flight with the closing out of identified open items. 


“Minutes of the Cluster Systems DCR Held at MSFC,” 19 October 1972; memoran- 
dum William C. Schneider, NASA Hq, to Dist., “Skylab Cluster Systems Design 
Certification Review,” 15 December 1972. 


The multiple docking adapter backup flight unit was delivered to McDonnell 
Douglas following an acceptance review at Martin Marietta Corporation, Denver. 
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The unit would be mated with the airlock backup flight unit and checked out to 
ensure readiness to support the Skylab 1 launch. 

MSFC, “Skylab Weekly Activity Report,’* 31 October 1972. 



In the exchange of a series of letters which began earlier in the year, the directors 
of various NASA Centers agreed that some scientific and technical management 
functions for the EREP would be accomplished by Centers other than MSC. 

Letters, Christopher C. Kraft, Jr., MSC, to H. Mark, Ames Research Center, E. F. M. 

Rees, MSFC, J. F. Clark, Goddard Space Flight Center, K. H. Debus, KSC, E. M. 
Cortright, LaRC, and B. Lundin, Lewis Research Center, 18 April 1972; E. F. M. 

Rees to C. C. Kraft, Jr., 1 May 1972; H. Mark to C. C. Kraft, Jr., 2 May 1972; 

J. F. Clark to C. C. Kraft, Jr., 12 May 1972; K. H. Debus to C. C. Kraft, Jr., 16 May 
1972; E. M. Cortright to C. C. Kraft, Jr., 23 May 1972; B. Lundin to C. C. Kraft, Jr., 

16 May 1972; C. C. Kraft, Jr., to E. M. Cortright, 1 November 1972; C. C. Kraft, Jr., 
to B. Lundin, 7 November 1972; C. C. Kraft, Jr., to H. Mark, 7 November 1972; 

C. C. Kraft, Jr., to K, H. Debus, 14 November 1972; E, F. M. Rees to C. C. Kraft, 

Jr., 1 December 1972; H. Mark to C. C. Kraft, Jr., 4 December 1972. 

Representative examples of guidelines for the Skylab crews included: 

• Eight hours of sleep a day simultaneously. This was based on an analysis 
of previous flight experience. 

• A duty day between 6 a.m. and 10 p.m. cither CST or CDT. 
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• Siimiltaiieous one-hour meal periods except for the noon meal when one 
crew member would be operating the ATM. 

• One and a half hours a day per crew member for personal hygiene. 

• Four to four and a half hours per crew member a day for equipment 
housekeeping. 

• One day off in c\cry seven; days off would be keyed to Earth-resources ex- 
periments package passes. No crow activities on off days except for housekeeping 
chores, flares, the mineral balance experiment, reentry simulations, debriefings, 
and passive experiments. 

“Minutes, Manned Space Fli|;ht Management Council Meeting/’ 8-9 November 1972. 

Restrictions were placed on the dissemination and use of certain Skylab telemetry is 

data known as Skylab medicid data. These restrictions were defined, and agree- 
ment was reached on the method of processing the data to confonn to the 
restrictions imposed. 

“MSC/MSFC Inter-Center .Agreement on Skylab Medical Data,” 15 November 1972. 

The Skylab mission crew patches were approved by the Associate Administrator 17 

for Manned Space Flight. 

• 1 he patch for the first Skylab crew represented the silhouette of the Skylab 
cluster in front of the Earth with the eclipsed Sun behind the Earth. 

• The patch for the second crew depicted the throe major objectives of 
Skylab: study of the Sun, of the planet Earth, and of man himself. 

• The patch for the third Skylab crew referred to the three major areas of 
in\ cstigation proposed in the mission and to the spirit of unification which the 
crew felt was an essential clement in man's quest for understanding. 

Letters, Christopher 0. Kraft, Jr., MSC, to Dale D. Myers, NASA Hq, undated; 

Dale D. Myers to Christopher C. Kraft, Jr., 24 November 1972. 

'rile Department of the .Army agreed to extend the loan of six expandable medical i« 

units to N.ASA until January 1974. The units would be used to assist in main- 
taining the integrity of the Skylab medical experiments during the immediate 
postflight periods. 

Letters. R. S. Johnston, MSC, t<» S. J. Turnbull, Department of the .Anny, 18 Novem- 
ber 1972; S. J. Turnbull to R. S. Johnston, 5 December 1972. 

NASA Hq published instriu tions defining the review procedure and requirements ai 

for tlie flight readiness re\iew which would he conducted before each Skylab 
mission. Each re\iew would co\er the readiness assessment of the CSM, AM, 

MDA, AIM, OWS, payload .shroud, launch vehicle, ground suppiort equipment, 
launch complex, launch .support, all operational elements, fliglit experiments, all 


1972 

Nov«mbtr 


287 


1972 

November 


24 


30 


30 


skylab: a chronology 

software mcluding co„.pu,cr T^^Sar 

a„d poKcduro^ mWon aadgomen,. as well a, Ihc read, ness of 

« j- Unvipws” 21 November 
T.- .• . No 59 “Skylab Flight Readiness Rcviesss, 

Skylab Program Directive No. 5y, 

1972. 

The Skylab debris situation for these missions would be 

Skylab 2, 3, and 4. It was decided < revolution. The deorbit would be 

deorbued ioro ,hc Pacific °“aa «'• ™ , „poUa„K through the 
achieved by controlled lor reW The capabiltty to 

. aa WilUaiu -.. Schneider, NASA «<,. to a^s^A 

Memoranda VVdham^- of SlVB Stages,” 20 ‘k . 28 November 1972; 

nTto ihV Administrator, “Skylab Program D ^ ^ S.,.ith and 

TVVX, 'William r C^H^k, KSC, “Dcorbit of Skylab SIVBs,” 28 

Leland F. Belew, MStC, ana iv. 
vember 1972. 

•„ .he Skylab Program, cost savings were obtained by 

xs::r”dUghts. 

, . . „„d „here a eonsetvative estitnaft of savtng, « th. 

estimated saktgs of $5 million. accommo- 

dated\?rgTa:r«-^ 

Mr,a.r.„d.,W»a...C»^ 

• * fVip Environment 

Nine Skylab astronauts “"JP“' p “ to familiarire Skyto 

Simulation Laboratory at MSC. P P _ extravehicular operation of the 

Lsion cmws 3 and 4 w.th the tht «onanu patttelpating in dm 

Skvlab extravehicular mobility u . j entered the chamber B manlock, 

training donned the Sky lab od.notmal opetadonh 

conducted in vacuum conditions. 
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Letter, William C. Schneider NASA Hn 
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Memorandum, Dale D. Myers NASA w 

Experiment Program,” 8 December 1972 ^'''"‘"Utiator. “Scope of Skylab 

President Richard M Nixnn’c. 
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20 


will be our first manned space station. It will be in use for the better part of a 
year, permitting the economy of extended usage, and laying the groundwork for 
further space stations. . . .” 


Presidential Documents, 25 December 1972, p. 1788. 


Michael W. Whittle, a Royal Air Force medical officer, began a tour of duty with 
MSC as the first of several foreign aerospace doctors who would work with U.S. 
scientists on Skylab. It was anticipated that aerospace doctors from West Ger- 
many, Spain, and Sweden would receive similar assignments in the near future. 
The doctors would be financed by their respective countries at no expense to 

NASA. 

Letters, A. W. Frutkin, NASA Hq, to A. Hockcr, Director General, European Sparc 
Research Organization et al., 10 May 1972; A. W, Frutkin to W. Harbison, Royal 
Air Force Staff British Embassy, 20 December 1972. 


2« NASA Hq published instructions which defined the Skylab portion of the NASA 

educational program. Subjects included in the program were video documentation ; 
teacher services; lecture demonstrations, conferences, and speaker services; curric- 
ulum resources; slide and film presentations; youth programs; and adult programs. 

Skylab Program Directive No. 60, "Skylab Education Program,” 26 December 1972. 

1973 The Aerospace Safety Advisory Panel, at the rcquc.st of the N.\S.\ Administrator, 

jonuaiy Undertook an exteivsivc review of the Skylab Program. Priorities in the review 

^ were given to the activities and systems deemed to be most critical to crew safety 
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and mission success: 

• * and manufacture of Skylab modules and asso- 

ciated NASA management activities. (This included factfinding trips to principal 
contractor and NASA management Centers.) pnnapal 

• NASA management activities for the evaluation of design and hardware 
maturity and mission operations planning and preparation. 

The Panel was satisfied with the technical management system for development 
and fabrication of the modules, spacecraft, and launch vehicles; the design and 
ardware aweptance reviews; and preparations for and execution of mission 
operations. They felt that the NASA/industry team was mature and tliat it was 
applying careful planning and responsible management to the hardware, software 
Md checkout operations. However, some mission operational areas, dusted 
gc control, and integrated testing would require continued future emphasb. 
Some of these specific areas were contractor policies for joint operational activ- 
iti^; fire extinguishment and toxicity controls; and flammability of materials 
Following the presentati^ of the written report, the Panel, by letter of 26 January 
1973 was requested by George M. Low (NASA Hq) to continue the review and 
provide comments before each Skylab flight. This would include consideration of 

A preparations, and the 

as identified m the study as warranting continued emphasis. The Panel would 

alw review mission operations for each flight to assess the basis for confidence in 
mission operation for dje next flight. In this area, the Panel conducted a compre- 
hensive review of MSG operations activities on 12 and 13 March 1973. 

Panel per^nnel were Carroll H. Dunn, chairman; Frank C. DiLuzio, Henry 

Jolm A. Horabeck, and Harold M. Agnew 
members; William A^Mrazek, consultant; and Gilbert L. Roth, Carl R. PraSish’ 
V. Eileen Evans, staff. ’ 

Volume I Summary Report to the Administrator by the NASA Aerostaee Safeir, 

P'ogram, January 1973; letters, C. H. Ounn to J^C 

rrogram, NASA Hq, Skylab Between. Mission Durations.” 14 Februarv 1Q7^- 

Ae"r *’ ^ S Administrator, “Third Annual Repoii of the 

Aerospace Safety Advisory Panel,” 27 June 1972; W. C. Schneider NASA Ho to 
As^sociate Administrator for Manned Space Flight, “Comments on Thi^d Report of ’the 
Aerospace Safety Advisory Panel,” 26 June 1972; G. L. Roth to Manager Sfcvs^^ 

PrommOffi!^’w^krA*^-''"C JSC (formerly MSC), ’“Skriab 

Program Office Weekly Activity Report,” 16 March 1973, ^ 


Space Flight Management Council meeting, William C. Schneider 
(NAbA Hq) emphasized the mounting pressures from open work at KSC and the 
demanding schedule for integrated systems testing during February and March. 
As examples he cited the following areas: 


• February ATM system verification 

AM/MDA/OWS end-to-end system test 

SL-2 (first manned Skylab launch) vehicle rollout to Pad B 
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• March Stowage and crew compartment fit and function review 
SL-1 and SL-2 flight readiness test 


Summary of Action Items, Manned Spare Flight Management Council, 10 January 
1973. 

At a NASA general management review, Dale D. Myers summarized Skylab 
problems which were aggravated by a requirement to replace a control and 
display panel in the multiple docking adapter— one of the pacing program items. 
He told the general management review group that confidence in the ability to 
maintain an April laui.-.h date was slipping. Following the review, a decision was 
made to delay the launch of SL-1 and SL-2 until May 1973, with tentative 
launch dates of 14 and 15 May. An evaluation of launch intervals between SL-2 
and SL-3 and between SL-3 and SL-4 was being made to determine if an 
approximate recovery date of 21 December 1973 could be maintained. 

TWX, William C. Schneider, NASA Hq, to MSC, MSFC, KSG, and GSFC, “Skylab 
Planning” 22 January 1973; OMSF, “Summary of January Action Items,” 10 Febru- 
ary 1973; memorandum, Dale D. Myers, NASA Hq, to the Administrator, “Re- 
scheduling of Skylab I Workshop Launch,” 24 January 1973. 

A tliree-day mission planning simulation was conducted at MSC. Work was 
underway to re.solve the problems identified during the simulation. Consideration 
was also being given to replacing the planned two-day on-orbit simulations with 
three-day simulations. A decision on this change would be reflected in a revised 
mission planning simulation schedule. 

MSC, “Skylab Program Office Weekly Activity Report,” 26 January 1973. 


MSFC began implementation of a plan for preparation and storage of un- 
assigned Saturn hardware, phaseout of the Saturn V production capability, and 
amendment of the facility operations contract at the Michoud Assembly Facility 
for minimum surveillance of stored hardware. 


Letter, E. F. M. Rees, MSFC, to Dale D. Myers, NASA Hq, “January Management 
Council Meeting,” 19 January 1973. 

A design certification review was held at KSC. Primary and supporting Center 
responsibility was assigned for certain action items. Input from the supporting 
Center would be utilized by the Center having primary responsibility in generating 
the closeout information for the action. In the majority of the action items, KSC 
was assigned primary responsibility, with MSFC providing support. 

Letters, William C. Schneider, NASA Hq, to MSFC, MSC, and KSC, “LaurKh Com- 
plex 39 Delta DCR and Integrated SWS and Launch Vehicle GSE/ESE DCR-Action 
Items,” 30 January 1973; William C. Schneider to Dist., same title, 22 
1973; William C. Schneider to Associate Adminisirator for Manned Space Flight, 
“DCR Action Items,” 22 March 1973. 
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KSC processing of SL-I and SL 2 was progressing as planned. The Workshop 
and Its associated modules were successfully stacked 29-31 January. No major 
problems were encountered in the SL-2 processing. Prope]l?nt loading and 
unloading, facilities, and ground support equipment tests were conducted on the 
Saturn IB launch vehicle at Pad B. Following tests, the vehicle was rolled back 
to the Vehicle Assembly uuilding. Prime and backup crews completed manned 
dtitude chamber tests of the SL-2 command and service modules on 19 January, 
following which the spacecraft was moved to the Vehicle Assembly Building 
where it would be erected on the S-IB. 

“Skylab Engineering Weekly Highlight Reports,” I 8, and 16 February 1973; Manned 
Space Plight Management Council^ “Summary U Proceedings,” 14 February 1973. 

An ATM calibration rocket systems launch was accomplished at the White Sands 
Test Facility in New Mexico. The launch was one of a series to qualify the 
calibration rocket program before the Skylab missions. 

MSFC, “Skylab Weekly Activity Report,” 23 January 1973. 

An evaluation to determine the impact of changing the Skylab 1 and 2 launch 
dates indicated that the greatest impact was on the crew training activities. The 
evaluation indicated that the star charts aboard the Orbital Workshop were 
launch-date dependent. Changeout packages were being prepared for the star 
charts which would be carried in the command module. Changeout packages 
were also being prepared for the rendezvous book, the ATM systems checklist and 
data book, the flight plan, and the flight plan .sequence for the activation and 
deactivation checklist. 

MSC, “Skylab Program Office Weekly Activity Report,” 2 Februan 1973; JSC “Sky- 
lab Program Office Weekly Activity Report, ’ 23 Feb»-uary 1973. 

MSFC Director Eberhard F. M. Rees retired. He had served as Director since 
1 March 1970. Rocco A. Petrone, NASA Apollo Program Director, became the 
new MSFC Director. 

MSFC PAO; Marshall Star, 17 January 1973. 

Checkout of the AM/MDA and ATM flight units was completed at KSC, and 
the units were mated to the launch vehicle. 

MSFC, “Weekly Activity Report,” 30 January 1973. 


A customer acceptance rcadine.s.s resiew for the Skylab television system was 
completed at Westinghou.se Electric Corporation, Baltimore. The unit was being 
assigned to the qualihcatioa test program for testing. 


MSC, “Skylab Program Office Weekly Activity Report,” 9 February 1973. 
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12 


14 


The Apollo telescope mount is shown 
being moved from a clean room in 
the KSC Manned Spacecraft Op- 
erations Building. It was taken to 
the Vehicle Assembly Building and 
mated with other components of 
the Skylab Orbital Workshop 
cluster. 



The Manned Space Flight Management Council acting in the capacity of a de- 
sign certification review board completed the following Skylab Program reviews; 


Saturn launch vehicles 
Command and service modules and 
MSC experiments 
Mission operations 
MSFC modules and experiments 
Cluster systems 

Launch Complex 39 and integrated ground and 
electrical support equipment 


7-8 June 1972 

10-11 Aug. 1972 
15 Sept. 1972 
2-3 Oct. 1972 
19 Oct. 1972 

19 Jan. 1973 


The adequacy of the design performance requirements and verification programs 
for Skylab vehicles, spacecraft, modules, experiments, cluster systems, launch 
complex and ground support equipment, and mission operations planning were 
examined to certify that equipment and operational elements could safely accom- 
plish the planned Skylab mission. 

Memorandum, Dale D. Myers, NASA Hq. to the Administrator, ‘‘Skylab Design 
Certification Reviews,” 12 February 1973. 


At a Manned Space Flight Management Council meeting, William C. Schneider 
(NASA Hq) summarized the results of a Skylab study on launch interval options. 
The purpose of the study had been to assess the potential effect of reducing the 
interval between SL-2 and SL-3 by 5 days and between SL-3 ^d SL-4 by 
10 days. The study indicated concern about launch abort lighting, night recover)’, 
and circadian rhythm on SL-4 and about a reduction in the mission planning 
cycle between SL-3 recovery and SL-4 launch to 27 days. The Council accepted 


294 






PART III: SKYLAB DEVELOPMENT AND OPERATIONS 


Schneider’s recommendation to retain the previously scheduled launch intervals 
shown below. Planning would proceed on that basis. 


Mission 

Skylab Workshop (SL-1) 

First manned mission (SL-2) 
Second manned mission (SL-3) 
Third manned mission (SL-4) 


Launch 

May 14, 1973 
May 15, 1973 
Aug. 8, 1973 
Nov. 9, 1973 


*No nighttime recoveries were planned. 


Recovery* 


June 12, 1973 
Oct. 3, 1973 
Jan. 4, 1974 


Council, "Summary of Proceedings,” 14 February 
1973; TWX William C. Schneider to MSC, MSFC, KSC, and GSFC, "Skylab Plan- 
rung, 16 February 1973. 


The North American Rockwell Corporation and Rockwell Manufacturing Cor- 
poration merged to become Rockwell International Corporation. 

Telecon, R. Newkirk, Historical Services and Consultants Co., to Lyle Burt Rockwell 
International, 13 October 1974. 


^e Manned Spacecraft Center at Houston, Texas, was officially redesignated the 
Lyndon B. Johnson Space Center in honor of the late President. 

MSC Announcement 73 34, 17 February 1973. 


Astronaut Robert A. R. Parker was designated Skylab Program Scientist and 
would be responsible ffir ensuring that the inflight Skylab science requirements to 
be implemented by flight operations elements were compatible with NASA and 
Skylab program requirements. John R. Sevier served as Assistant Program Sci- 
entist. Parker was assigned to Skylab Program Manager Kenneth S. Kleinknecht 
and during actual mission operations would respond to the directions of the 
Skylab Program Director and the MSC and MSFC Skylab Program Manager. 

MSC Announcement No. 73-32, “Key Personnel Assignment,’* 2 March 1973, 

The OWS high-fidelity mockup arrived at xMSFC from McDonnell Douglas, 
Huntington Beach. It was updated for use as a .systems engineering mockup along 

dynamic test articles, which were modified at 


MSFC, “Weekly Activity Report,” 27 February 1973, 
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A customer acceptance readiness review for Skylab flight food was held at Whirl- 
pool Corporation in St. Jo,seph, Michigan. Items of OWS were accepted. How- 
ever, the eSM flight and backup food were not accepted because of lack of 
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1973 

February 


Stowage definition and the required stowage drawings in the data pack. This 
food would be accepted when the stowage arrangement in the CSM was defined. 

JSC, “Skylab Program Office Weekly Activity Report,” 2 March 1973. 


The Skylab 2 spacecraft, mated to its launch vehicle, was transferred 27 February 
from the KSC Vehicle Assembly Building to Launch Complex 39B in preparation 
for launch. The SL 2 space vehicle consisted of the following major components: 
an S-IB (the first stage); an S IVB (the second stage, which comprised the 
propulsion stages); an III; a CSM; and an SLA. The next five paragraphs trace 
the SL-2 from the arrival of the component parts at KSC through liftoff. 



The S-IVB stage had arrived at KSC on 24 June 197 1 and wiis placed in storage 
until 17 April 1972. The CSM arrived on 19 July 1972 and was immediately 
moved into the Operations and Ch eckout Building for systems testing. The S-IB 
and the lU both arrived on 22 .\ugust 1972. On 5 September 1972 the S-IVB 
was mated to the S IB. Three days later, 8 September 1972, the lU was mated 
to the S-IVB. 

Since SL-2 was the first Saturn IB space vehicle to be launched from LC-39, it 
was necessary to verify the modified facilities and systems. Therefore, the SL-2, 


The Skylab 4 crew is shown during preflight training in the Mission Training and 
Simubtion Facility at JSC. Commander Ctcrald P. Carr, right, is seated at a 
simulator representing the control and display console of the Apollo telescope 
mount. Scientist-astronaut Edward G. Gibson is seated at the left, and William 
R. Pogue is in the left background. 
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with a boilerplate spacecraft, was moved to LC-39B on 9 January 1973. The 
mobile service structure was positioned on 12 January 1973, and the fit, function, 
and facility systems tests required in support of the SL 2 launch were performed. 
The Propellant Loading All Systems Test was performed on 29 and 30 January, 
1973. The SL-2 was then returned to the Vehicle .\ssembly Building. 

On 9 February 1973 the SLA was mated to the CSM. The CSM/SLA was then 
moved to the Vehicle Assembly Building on 20 February 1973 and mated to the 
launch vehicle the following day. Transfer of the SL-2 to LC-39B was completed 
27 February. 

The space vehicle Flight Readiness Test was completed on 5 April 1973. The 
Countdown Demonstration Test began on 25 April 1973. At 8:00 a.m. EDT 
9 May 1973, the launch countdown for SL-2 was started. 

Because of the meteoroid shield anomaly and failure of the solar wings to deploy 
on the Workshop, the SL-2 launch was scrubbed on 14 May 1973 at T minus 14 
hours 35 minutes (9:10 p.m. EDT 14 May), and scrub turnaround procedures 
started. The countdown clock was then held at T minus 59 hours untU count- 
down resumed at 10:30 p.m. EDT 22 May 1973. SL-2 was successfully launched 
at 9:00 a.m. EDT on 25 May 1973 (see 25 May 1973 entry). 

KSC, “Skylab 2 Post-Launch Report,” 21 June 1973, pp. 7-1, 7-2. 


During a news conference in Wiishington, Charles “Pete” Conrad, first manned 
Skylab mission commander, reviewed activities that would be conducted during 
the SL-2 mission. 

NASA News Release, “Press Conference with Pete Conrad,” 28 February 1973. 

MSFC Director Rocco A. Petrone initiated an MSFC flight hardware integrity 
review at MSFC and contractors' facilities. The purpose of the review w^ to 
ensure integrity of MSFC-developed hardware by examining in-depth specifica- 
tions, design and design changes, failures, and test results of critical hardware 
components and systems associated with the activation sequences. The review was 
scheduled to be completed before the MSFC preflight readiness review meeting 
in mid-April. 

MSFC, “Weekly .\ctivity Report," 20 March 1973. 


Following two lightning strikes on Apollo 12 while in flight and a strike on the 
launeh umbilical' tower while Afwllo 15 was on the launch pad, an intra-Center 
telecon with participation from NASA Hq, KSC, JSC, and MSFC was held to 
discuss previous studies on lightning. It was determined that analyses and correc- 
tive actions accomplished since the strikes on Apollo /2 had reduced to a very ow 
probability the chance of system damage to Skylab vehicles from lightnmg strikes. 
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. I- • Qir'ikcs” 8 1973. 

a H \Vong, NASA Hq, “Ughtmng Slr.Wcs, 

Memorandum for record, H. Wong, 

* 1 

During a meeting of the and those remaini^ io 

14 and 15 May 1973. 

Uonsiaer^ ,, durinff the interval ba>see vy The inherent 

:s:* t —a . 

„o«h ol a Sky.ab.B waa ™ogn«Ou. ■ f “, JI'p" 19U 

Letter, James P- c.hnridcr NASA Hq, to Dale U^M> Heputy Director, 

Budget and Program Anal>s.s, 

1973. 

T reduce B.C posaibilBy of fuc bacar* nLn»- 

f»r"u— 

methods. <>F„u.Scalc Flam- 

D.l« D Mym, N«'' '" “” 

Sk„ab B.gM baedware 

X«?nc,u.d - dcac.iva.io„, da.a durep. 

of SL-1 and bL-d, nn»iu 
and powerdown. 

KSC SMab spacecraft Integrated Dally Schedule. 30 March 1 


XVO'-i 

,,U,NS.nn.„d,apareo.NASA«^^^^^ 

^Sro«Canavc«^^ 
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A Martin Marietta aerospace test engineer, wired with 
heart-rate measuring electrodes and breathing 
through a metabolic analyzer hose, rides an ergom- 
eter, a device resembling a stationary bicycle, in a 
full-scale Orbital Workshop mockup. Martin Mari- 
etta designed and produced equipment for this ex- 
periment to enable physicians on the ground to 
measure oxygen consumption, body temperature, 
heart rate, and blood pressure during Skylab mis- 
sions. 'I hc engineer on the right checks a display 
jianel to sec that the participating engineer does not 
exceed predetermined physical limits.— Martin 
Marietta photo. 


Astronauts Charles Conrad, Jr., and Joseph P. Kerwin 
sample food in the wardroom of the Orbital Work- 
shop during a crew station review (above). At the 
left, a Martin Marietta aerospace engineer checks 
the foot-controlled maneuvering unit in a full-scale 
mockup of the Skylab Orbital Workshop.-Martin 
Marietta photos. 
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1973 

March 


29 


April 

3 


3 


between Skylab and Mission &ntrol Center in Honston via Mdard Sp^ 
Flieht Center. Upon completion ot the Skylab Program, tt would return te Pott 
Canaveral. The Vanguard was originally designed to provide “ ' “ 

acqnisiJon tor the Apollo liights. It played an important role in the Apollo 


Pmonr;im. 


GSFC News Release, 
28 March 1973; Cocoa 


“Vanguard Tracking Ship to Argentina for Skylab Support” 
, Florida, Today, 28 March 1973, pp. IB, 2B. 


An 'icreemcnt was published which provided for the optimum 
tin^ p^gtann «nd project in which both JSC and MSFC had develop 
rnt role., h would permit the direct application of each inter's iintituuonal 


1 rr' 


“MSC (sic)/MSFC Intcr-Centcr Agreement on Institutional Resources,’ 29 March 
1973. 


An ATM Naval Research Laboratory rocket calibration launch w^ unsuccessful 
due to two major discrepancies. The guidance system failed to work properly and 
the recovery system failed. The launch was a qualification the rocke 

vehicle science package, and support equipment which would be down duirog 
2c manned SkyLb mission to calib.ate the Naval Research Laboraton; lastru- 
ment in the ATM. This calibration would establish the amount of misalignment 
or degradation of tlic optics, if any, in the ATM instrument due to the launch 
environment or contamination. Investigations were initiated to determine the 
causes of the failures. 

,, . Willlhrn C Schneider NASA Hq, to Associate Administrator for 

Mrrcd'spTcc Flight, “Skylab/ ATM Calibration Rocket NRL Qualification Launch,’ 

9 April 1973. 

Studies were conducted to determine the fetusibility of 

deorbit of the Orbital Workshop. Three methods were considered: (1) using the 
GSM seivice propulsion system; (2) using the GSM reacUon control system; and 
(3) implementing an S -II (Saturn V second stage) deoi-bit. 
sion system deorbit was as.scsscd as not feiusible; the reaction con ro 
was considered technically feasible but, like the service propulsion systen ,^ 
an inherent program and crew safety risk asrociated with it. I-plc— n of 
an S-II deorbit would have .serious time and cost impacts on P™^‘ 
1970 study, which indicated that the probability of damage from Ae deoAi^? 
Skylab was so small that changes which caused major impact in cost and schedule 

were not worth pursuing, was confirmed. 

TWX., Willi™ 0. S.l,.,«di.i, NASA ".“"S’ S ^-”>0 

SS !«: SrLL F”tr.“Tb' 

n M.wk .«3i j.— . ,“''3 A^; 

»ociatc Adminiitrator for Manned Space Flight, 5W 
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1973; Dale D. Myers, NASA Hq, to Administrator, “Deorbit of Skylab Elements,” ]973 

2 May 1973; Dale D. Myers to Administrator, “Workshop Denrbit,” 23 June 1973. 

April 

Reporters and commentators from the United States and several foreign countries 4-5 

attended a series of Skylab news briefings at MSFC. MSFC Director Rocco A. 

Petrone and MSFC Skylab Program Manager Leland F. Belew gave a general 
presentation on the program. They were followed by a series of presentations by 
specialists on the various systems, experiments, and research efforts connected 
with the Skylab missions. Tours of the high-fidelity mockup and the neutral buoy- 
ancy simulator were included during the two days. 

MSFC PAO, Marshall Star, 11 April 1973. 

The planning dates of 14 and 15 May 1973 were officially confirmed as the 5 

launch dates for SL~1 and SL-2, respectively. The launch planning date for 
SL-3 continued to be 8 August 1973; for SL-4, 9 November 1973. 

TWX, William C. Schneider, NASA Hq, to JSC, MSFC, KSC, and GSFC, *‘Firm 
Launch Dates for SL-1 and SL-2,” 5 April 1973. 

A miniature, fast, analytical clinical laboratory developed by the Atomic Energy 13 

Commission s Oak Ridge National Laboratory for use on manned space stations 

was undergoing laboratory tests at JSC. It was expected that the new system 

would subsequently be used in clinical situations. The analyzer would provide a 

pediatrician with the capability of rapidly completing 12 simultaneous analyses 

of an infant through the use of only a drop of blood compared to as much as 

five cc s required by single analyzers. Tests would be performed in the doctor’s 

office, with the results available within minutes. The same would apply for 

geriatric patients, emergency room patients, and accident victims where rapid 

multiple diagnoses with minimum blood samples were vital. 

JSC News Release 73-37, “Analyzer Has Spinoff Potential,” 13 April 1973. 

Loading of the Apollo spacecraft’s hypergolic propellants for a scheduled 15 May 16-19 

launch was completed at KSC. The next major milestone in preparing the Saturn 
IB/Apollo for launch would occur 23 April when the kerosene to fuel the Saturn 
IB booster’s eight engines would be pumped aboard the first stage, 

KSC News Release 75-73. 

The Skylab 1 spacecraft on its launch vehicle was moved to Launch Complex April 1 6 -May 13 

39, Pad A, on 16 April. 1 he SL - 1 space vehicle consisted of two launch vehicle 

stages, an instrument unit, and the three major payload modules of the Saturn 

Workshop (SWS). The two launch vehicle .stages and lU (S-IC, S-II, and 

S— lU) were idcnticial to the first and .second launch vehicle stages of the Apollo 

Saturn V space vehicle. The SL-1 payload consisted of the Orbital Workshop 
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(a converted S-IVB stage), airlock module/niultiple docking adapter, Apollo 
telescope mount, payload shroud, nose cone, and experiments. 

The S-II stage had been the first to arrive at KSC, on 1 April 1971, and was 
placed in storage. The stage underwent modifications for approximately one 
year. On 16 July 1972, the S-IC stage had arrived and was erected on Mobile 
Launcher 2 on 2 August. The S-II stage was mated to the S-IC stage on 20 
September. 

Both the ATM and the OWS arrived at KSC on 22 September 1972. The ATM 
was moved into the Operations and Checkout Building cleanroom, checked 
out, and moved to the Vertical Assembly Building. The OWS was moved to the 
Vertcal Assembly Building and stacked on 29 September. On 26 October, the 
lU stage arrived at KSC; it was mated to the OWS on 1 November. The 
AM/MDA arrived at KSC on 6 October and was moved into the Operations 
and Checkout Building. Docking tests between the SL-2 CSM and the AM/ 
MDA were conducted. The AM/MDA was flight-mated to the fixed airlock 
shroud (FAS) and docking adapter (DA), and on the following day the AM/ 
j^DA/FAS/DA was mated with the payload shroud. This .section of the pay- 
load was then moved to the VAB and was mated to the OWS. The ATM was 
mated to the DA on 30 January 1973. 

System testing began on the payload modules and the launch vehicle stagra. 
Testing included both intra- and intermodu’ c/stage testing, including SWS mis- 
sion simulation flight readiness test and launch vehicle flight readiness test. The 
nose cone was installed on 8 April, and SL-1 transfer to Pad A was completed 
on 16 April. 

High winds delayed the connection of environmental control system air and pre- 
vented internal access to the spacecraft until late on 17 April. 


Skylab 1 countdown demonstration test started at T minus 123 hours at 7:00 
p.m. EDT, 26 April. Final stowage of the ATM cameras and film in the MDA 
stowage locker and flight closeout of the MDA was completed on 27 April. 
Final closeout of the AM/MDA was completed on 1 May, and the EVA hatch 
was secured for flight. 

Launch countdown began at 2:00 a.m. EDT, 9 May. A small amount of rain 
fell into the ATM area during a thunderstorm that day, but affected areas were 
temporarily covered. High winds prevented further weatherproofing of the pay- 
load shroud nose cap until 10 May. The MobUe Launcher 2 lightrang mast 
was struck by lightning at 12:57 p.m. EDT on 9 May. Lightning retest opera- 
tions on the launch vehicle and spacecraft were successfully completed. No 
anomalies attributed to the lightning were noted. 


KSC, “Skylab 1 Post-Launch Report," 8 June 1973, pp. 7-1, 7-2. 


302 


ORIGINAL PAGI^ 
OF POOR QUAIiT* 


PART m. SKYLAB DEVELOPMENT AND OPERATIONS 

v.n. “ - 

Skylab Program Directive No 61 “StvifiK or * 

Materiel Returned from the SkylabVissLnV’ 17 April Experimert 

open i«n„ an^Z^Tl eadvtr/'' ”* ” •“" "'“or 

15 May lannd, „, S^yl* 2? ' ® “ ' “■* > 

Transcript 

stscpZtelw*”' “""’'™'"' “ ‘’““''P «Pobili.X^’ 

Since the adjustment of the Skylab launch dates KSC nnH.f.e^ 
tunes. The new SL-R re.c,-..» ’ updated rescue response 

rescue response Pmes are shown in the following table- 


1973 

April 

ir 


17-20 


18 


25 


Days from SL 
Mission Launched 

0 

7 

14 

21 

28 

35 

42 

49 

56 


Days to SL-R Ready for 
Launch 

SL-2 

SL-3 

SL^ 

48^2 

48% 

48% 

41 

41 

41 

36^4 

35 

36 

31% 

31% 

31% 

25 

27 

26 



21 

19% 

— 

16% 

15 

— 

15% 

15 

► Rescue/^ 

14 

25 April 1973. 

12% 


0RIGINM''*2^ 
OF POOR «3R“”‘ 
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Three astronauts examine 
equipment storage in t e 
spacious interior of Sky- 
lab’s multiple clocking 
adapter during accep- 
tance checkout of the 
flight article at the Mar- 
tin Marietta facility m 
Denver. Left to right are 
Willisu^ B. Lenoir, 

T Weitz, and Jack R- 
Lousma. The docking 
adapter served as a major 
experiment control center 
and the docking port for 
Skylab. — Martin Marietta 
photo. 

^*^"T]!^^discontmued following 
Individual and reins<Uu.ed fov the Skylab,«eto 

because of the longer durauon of data useful in future 

,ain«d from .he»« perfonnance in lu.uK tog.<luratK.n 

divetailied crew relccoon and expeaed pc 

^ . . c Kraft Jr., MSC, “Behavioral 

, ktaqa Ha to Christopher C. j 

Three types nl private convetsatione fan>aie8’’once 

NASA Admioistratort P"™“ P operational emergency, and rouune 

A««oriatc Administrator tor 

Memorandum, James for ..XTchlr 

Manned Space an Release 73 

> j““ >p”' 

Statement on Skylab rnvaw v. 

rteH in 1959 attd contained 

A fund of unsolicited cash Moment for student scientific experi 

unrestricted gifts. 

. , . „ 9. “NASA Git. Fund Gred l« SM- =>«<,»• E«pe- 
NASAHnN.-.*^’ - ■ 
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A double exposure of the Skylab 1 and Skylab 2 space vehicles, actually 2.4 km apart 
on their launch pads. The unmanned Skylab I, at the right, was launched 14 
May 1973 on the last Saturn V to be flown. Skylab 2, with the smaller Saturn 
IB perched on the “barstool” support tower, lofted astronauts to rendezvous with 
Skylab 1 on 25 May 1973. 


Lightning struck the Skylab 1 launch umbilical tower near swing arm eight at 
1:00 p.m. Lightning retest plans were satisfactorily completed on the AM, 
^^7^, and ATM. No significant anomalies due to the lightning static were 
revealed. 

“Skylab Engineering Weekly Status Report,” 9 May 1973. 


Skylab /, the unmanned Orbital Workshop (OWS) was launched from KSC 
Launch Complex 39A at 1 : 30 p.m. EOT. (See item for 16 April-13 May for 
countdown detail.) 


An unexpected telemetry indication of meteoroid .shield deployment and solar 
^ay wing 2 beam fairing separation was received 1 minute and 3 seconds after 
liftoff. However, all other s)stcms of the OWS appeared normal, and the OWS 
was inserted into a near-circular Earth orbit of approximately 435 km altitude. 

The payload shroud was jettisoned, and the ATM with its solar array was de- 
ployed as planned during the first orbit. Deployment of the Workshop solar 
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May 


array and the meteoroid shield was not successful. Evaluation of the available 
data indicated that the following sequence of events and failures occurred : 


Time from Liftoff 
{hr:min:sec) 

0:01:02.9 

0:01:03 

0:01:03 

0:01:30 

0:01:30 

0 : 10:00 


0:55:55.9 


Event 


Meteoroid shield tension strap 2 sepa- 
rated. 

Meteoroid shield tension strap 1 and 3 
separated. 

Solar array system wing 2 beam fairing 
separated. 

Meteoroid shield temperatures went 
off-scale. 

Partial deployment of meteoroid shield 
was indicated. 

Thermal measurements on wing 2 solar 
array panels ranged from 345 K 
(lei^F) to 389 K (240"^F), rather 
than the expected temperature of 
about 300 K (80°F). Wing 1 tem- 
peratures remained normal. 

Wing 1 beam fairing separated. 


Solar array wing 1 was released, but there were indications that the wing had 
not fully deployed. Wing 2 was inoperative or had encountered structural failure. 
Temperature excursions in the OWS showed that the meteoroid shield was not 
affecting the temperatures as intended. The remainder of the planned Workshop 
system activation and deployment functions occurred as scheduled with trans- 
fer of attitude control from the instrument unit to the OWS approximately 4/2 
hours after liftoff. 


The OWS was maneuvered into a solar inertial attitude, with the plane of the 
solar arrays normal to the Sun for maximum electric power generation. The 
OWS area temperature then rose above operating limits. The Workshop was 
subsequently pitched up towaiU Uie Sun at 13 hours into the flight to reduce 
the solar incidence angle on the OWS area. This attitude further reduced the 
power generation capability which had already been severely limited by the 
loss of the Workshop solar array wing 2 and the failure of wing 1 to deploy. A 
continuing adjustment of attitude was necessary to keep the power and tem- 
perature within acceptable limits. Constraints to maintain adequate heat in 
other critical areas of the Workshop and to optimize the operation of the attitude 
control system in an off-nominal mode added further complications. ITiis 
delicate balance continued for approximately 10 days. 


The electrical power available from the ATM solar array was further reduced 
by the requirement to cycle certain power regulator modules on and off to pre- 
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vent the overheating caused by unplanned vehicle attitudes. Although con- 
siderably below the total design capability of approximately 8500 watts the 
power w^ sufficient for the critical loads. Many components and systems were 
ca^bility required to remain within the power generation 


The high internal temperatures that were reached in the Workshop could have 
caused outgassing of some materials which would have been hazardous to the 
crew. Therefore, before crew arrival, the habitation area was depressurized and 
repressunzed four times with nitrogen to purge the outgassing products. The 
nal repressurization was with the proper oxygen/nitrogen mixture for the crew. 

Maneuvering into and out of the various thermal control attitudes and main- 
taining attitude hold and control during several docking attempts caused a much 
larger use of the Workshop thruster propellant than predicted. Sufficient pro- 
pellant remained, however, for the three manned missions. 


JSC, Skylab Mission Report First Visit, JSC-08414, August 1973 
Skylab Program Office Weekly Activity Report,” 18 May 1973. 


pp. 2 and 4; JSC, 


1973 

May 


A Skylab 1 Board of Investigation was established to investigate the anomalies 
ffiat occurred during the launch and Earth orbit of SL-1. Bruce T. Lu.idin 
(Lewis Research Center) was named chairman of the Board. 


B^d "" ,r!f L-din, ”Skylab 1 Investigation 
^ p. to Associate Administrator for 

Manned Space Flight, Investigation of SkyJab 1 Anomalies,” 22 May 1973* NASA 
Notice 1154, “Skylab 1 Investigation Board,” 22 May 1973. 


22 


NASA Administrator James C. Fletcher briefed member? of the Senate on the 
anomalies that occurred during liftoff and orbit of Skylab 1. Fletcher sum- 
marized as follows: 


1. We encountered unexpected problems with the 
workshop solar arrays. 


micrometeroid shield and the 


2. These problems led to overheating and reduced power. 

3. We believe we can control the heating by one of several fixes executed by the 
crew of bkylab 2. 

4. We will try to improve the power situation, but even if we can’t, there is 
enough for nearly normal execution of the 28- and 56-day missions. 

They are going to look at the condition of the solar panels. They arc not going to 
spend too much tunc on that because we have enough power. If it lonks^ like an 
ea.sy thmg to do, if one of the panels, which is luLssing here, is partially deployed 
and IS hung up on something and all it needs is a little tug, we will put a loop of 
twine around the end of it, play it out so that we are well away from the panel 
m case a starts to deploy, and give a little tug on the twine. If a deploys, fine; but 
u It docs not, we will go on without it. 
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23-24 


But we are not going to spend too much time on that fix. There are too many uncer- 
tainties and we do not really need the power. 

5. We will be unable to carry out some 3 out of the planned 87 experiments. 

This is normal for almost any test of this complexity. Usually wo aren’t able to 
complete the large number of experirnents that arc planned. In this particular 
case we estimate that throe of them will net be ab>c to be carried out. Those are 
primarily the ones that would have come out of the airlock. If there is a sunshade 
over the irlock you can’t do very many experiments from it. 

The remaining e.xperimcnts, in our judgment, fully warrant going ahead with the 
repair activity and then executing as much of the fully planned program as 
possible. 

6. There will be no relaxation of safely considerations in the conduct of the 
replanned Sky lab missions. 

7. We have established a Skylab 1 investigation board whose findings will be 
reported to the committee as soon as available. 

In closing, let us say that the crow, the Skylab team, and NASA management are 
cautiously confident — some more than oMicrs, but all are optimistic — that the 
Skylab 2 mission will be a historic one and that it will permit us to meet almost 
ail of the major objectives of the Skylab program. 

U.S. Congress, Senate, Committee on Aeronautical and Space Sciences, Skylab: Hear- 
ing on Status of Skylab MissioUy 93d Cong., 1st sess., 23 I ' 1973, pp. 4-17. 

A design certification review was held for the revised Sk)lab 2 mission. The 
review board determined that a “Skylab parasol,” with a strengthened ultra- 
violet resistant material, deployed through the scientific airlock would be the 
prime method for the deployment of a thermal shield on the Orbital Workshop. 
A “twin pole” thermal shield and a standup extravehicular thermal sail would 
be flown iis backup methods. Following final assessment of mission readiness 
with favorable recommendations, a certification of flight worthiness for the new 
hardware was executed. 

Letters, William C. Schneider, NASA Hq, to SL 1 and -2 Flight Readiness Review 
Board, “Confirmation of Flight Readiness for SL-2 Launch,” 31 May 1973; William 
C. Schneider to Dist., "Skylab Design Certification Review of New or Changed 
Equipment and Procedures for Revised SL-l/SL-2 Mission,” 11 June 1973. 


25 At 9:00 a.m. EDT, Skylab 2 lifted off from Pad B, Launch Complex 39 at 

KSC. The vehicle was manned by astronauts Charles “Pete” Conrad, Jr,, Joseph 
P. Kerwin, and Paul J. Weitz. 

Skylab 2, consisting of a modified Apollo CSM payload and a Saturn IB launch 
vehicle, was inserted into Earth orbit approximately 10 minutes after liftoff. The 
orbit achieved was 357 by 156 km and, during a six-hour period following 
insertion, four mancuvci's placed the CSM into a 424 by 4i5 km orbt for 
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26 


with the OWS. TIk hard dock was made at 11:50 p.m. VATl\ terminating a 
Skyhh ? fiist-day crew work jx'riod of 22 hours. 

JSC, “Skylab Mission Report First Visit;* JSC 08414, August 1973, p. 2-1; R. V. 
Gordon, JSC Skylab News Center, **Skylab 1/2 Quick Look Reference,*’ 2 July 1973, 
p. 3. 


The second manned day of the Skylab mission was focused on entry into the 
OWS ;md deployment of the Skylab parasol. I'hc crew removed and inspected 
the docking probe and drogue. They then entered the MD.\ to activate the 
airlock module and MDA .systems. The crew entered the OWS at 3:30 p.m. 
EDT. The atmosphere, althotigh hot, was habitable, and the crew was able 
to work in the environment for 10- to 15-minute intervals. At 5:00 p.m. the 
crew began deployment of the parasol; the task was completed at 7:30 p.m. 

The parasol provided thermal .shielding for the area of the Workshop exposed 
to the Sun because of the missing meteoroid shield. The parasol concept, 
design, development, construction, and delivery to KSC was completed in seven 
days by JSC. Two other thermal protection devices were also devised and de- 
livered during this same time period. One was a sail, produced by JSC and 
designed to be deployed by an extravehicular crewman standing in the com- 
mand module hatch while the .spacecraft was l)cing flown in close to the 0\\ S. 
The other, called a twin-lxxMU sunshade and pnHluced by MSFC, was designed 
to be deployed by extravehicular crewmen from the ATM station. 

The parasol provided a thermal protective device which was simple, and de- 
ployment could l)c accomplished from within the OWS in a shirt-sleeve environ- 
ment. The system was capable of being jettisoned. 

The parasol concept made use of a .spare experiment 1H27 (ATM contamination 
measurement) canister which was designed to interface with the solar scientific 
airlock. The .seal tlesign used in the back plate of the experiment canister was 
incorporated into a new back pl;ite requiretl for the parasol. This allowed the 
use of deplovnu'ut rods which were of the same type used for experiment de- 
ployment, and also allowed use of the experiment T027 photometer ejection 
rod, if jettisoning became necessary. 

Major components of the para.sol, other than the modified canister, were a 6.7- 
by 7.3-m aluminized Mylar/ nylon laminate canopy that was partially opaque 
to solar thermal energy, a canopy mast, a mast luib with deployment springs, four 
telescoping deployment rods, seven extension rods, and the experiment T027 
canister support tripod. 

Deployment was accomplished through the scalar scientific airlock by attaching 
the extension rods to the mast and pushing the rod assembly outward. As the 
m;ist hub w;ts extcndetl to 4.9 m above the opening of the airlock, the tele- 
scoping deployment i*ods became fully extended and lockeil and the tip retainers 
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The photo above shows a simulation in 
which the modified photometer 
experiment canister containing the 

parasol sun shade is inserted in — 

and Ceal Webb of International Latev r Zeroles, foreground, 
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Following the successful deployment of the parasol, the Skylab-2 crew began 
to transfer and store equipment and activate experiments. On 29 May, everything 
in the OWS was turned on for the first time. The crew checked out the EREP 
and the ATM. 

On 7 June astronauts Conrad and Kerwin performed an EVA to free the 
undeploycd OWS solar array. EVA began at 11:15 a.m. EDT. At 2:01 p.m., 
the strap restraining the solar wing was severed, the beam was fully deployed, 
and the three panels had begun to deploy. The 3-hour 2 5 -minute EVA was 
completed at 2:40 p.m. By 8:55 p.m., all the solar array system solar power 
sections were deployed, and the OWS power crisis had abated. 

At 3:22 a.m. EDT, 18 June, the crew of SL-2 broke the space flight record 
of 570 hours 23 minutes set by the Soviet Soyuz 11 flight in June 1971. 

During the SL-l/SL-2 mission, the following experiments were conducted: 

• Medical — all medical experiments were successfully conducted with a 
completion range of 80 to 100 percent. 

• Apollo telescope mount— 82 hours of manned viewing time and 154 
hours of ground commanded data gathering were accomplished. 

• EREP — 1 1 passes with a full range of instrument operation and task ate 
assignments were completed. (Prelaunch planning called for 14 passes.) 

• Corollary- — 56 hours of crew time were devoted to these experiments. 
(Prelaunch planning called for 64 hours.) 

A breakdown of the actual crew time allocation for experiments as opposed to 
the Preflight plan is shown in the following chart. 


Category 

Manhours Utilization, 
hr: min 

(percent of total) 

Preflight 

Actual Allocation 

Medical experiments 

145:13 

157:51 


(7.4) 

( 8 . 0 ) 

Apollo telescope mount 

117:09 

152:51 

experiments. 

( 6 . 0 ) 

( 7 . 7 ) 

Earth resources experi- 

71:24 

85:55 

ment package 

(3.6) 

(4.3) 

Corollary experiments 

54:24 

62:20 


( 2 . 8 ) 

(3.2) 

Subsystem detailed test 

7:03 

7:07 

objective 

(0.4) 

(0.4) 

Student experiments 

3:41 

4:41 


( 0 . 2 ) 

( 0 . 2 ) 

Operational* 

1562:07 

1509:39 


(79.6) 

(76.2) 


* Includes sleeping, eating, housekeeping, etc. 
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TWX, G. S. Lunncy, JSC, (o American Embassy Science Attoche, Moscow, U.S.S.R. 
22 June 1973; R. V. Gordon, JSC Skylab News Center, "Skylab 1/2 Quick Look 

Mission Operations Report No. 

M-960-SL-1/SL-2, 11 July 1973. 


1973 

May 


The following cditorial.s were typical of those e 'oked by the launch of Skylab I 
with Its attendant anomalies. The first editorial quoted is from the Los Angeles 
Times. ® 


The men of NASA at Cape Kennedy and Houston were getting ready to pass an- 
other miracle, ljut tlicre had been so many— the first men on the moon followed 
by a succession on moon landings— that the success of the latest adventure in space 
was taken for granted. Even the crowd of spectators on the cape was less than a 

quarter of the million pci sons i- ' o watched the last of the Apollo moon missions 
Ucc. 7. 


The launch went smoothly, as Skylab, an 8,')-ton vehicle perched atop a Saturn 5 
rocket, ascended majestically May 14 from a roaring flame and disappeared into 
the heavens on its journey into orbit 270 miles above the earth. “Everything looks 
super-good so far,” Mission Clontrol in Houston reported, and Skylab, the largest 
weight ever thrust into space, began to respond to radio signals. 

Minutes later, the $2.6 billion project was in trouble. Two solar panels failed to 
deploy. The launching of three astronauts, scheduled to dock in space with Sky- 
lab the next day, had to be postponed. Skylab 2 was recycled for five days until 
May 20 and again for May 25, last Friday. What was needed was a simple little 
plan to shield the space laboratory from the sun— something like an umbrella. 

An umbrella. Why, of course, Jack Kinzler, a NASA technician with a reputa- 
tion as a fix-it man, started thumbing through the Yellow Pages. He found what 
he was looking for— fishing poles that would telescope down to 18 inches. Using 
the poles as ribs, he and other technicians constructed an umbrella with a 24-by-28 
foot expanse of coated nylon, designed .so that the collapsed umbrella could be 
pr^ected through an 8-by-8 inch airlock passage and deployed over the 


It was packed, handy-like, in a small metal box and placed in Skylab 2 when the 
three astronauts were launched into space for their delayed rendezvous with Skylab 
1. The astronauts poked the umbrella through the airlock in careful stages The 
gadget worked. [A more sophisticated version of Kinzier’s idea was produced and 


It wasn t much, really. Just a few fishing poles and a spread of nylon. In all a 
modest little miracle, but enough. Enough to save Skylab and enough to give a lift 
to the spirit of all who followed the latest human drama enacted in space. 

The following editorial is taken from Test magazine. 

IN OUR PRESENT pre-occupation with consumer products and problems, it is 
easy to forget the miracles of our great space projects. Skylab’s failures tend to bring 
space and space testing back into focus. 

It IS possible to speculate, as some authorities are doing already, that the damage 
done to Skylab on its way into orbit was due either to (a) the unanticipated 
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Junt 
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effects of vibration in the Saturn rocket or (b) the under-design of the failed 
Skylab components or (c) a combination of both. 

In any event, it would seem likely that insufficient testing was done in the effort 
to live within what is generally considered to be a too-tight budget. After the vast 
achievements of Project Apollo, one would think that the accumulated knowledge 
of NASA as to how to achieve the essential near 100% reliability in a space flight 
would have caused NASA managers to throw out enough stern warnings to 
Congress and to the public about undcrfinancing and possible failures. In a 
project running to two and one-half billion dollars, perhaps another $250 million 
(10%), for example, for more testing and redesign might have made the difference. 
At this writing, three highly intelligent, highly trained, highly motivated men are 
out there trying with all their ingenuity and that of NASA to salvage some part 
of this all-important basic Skylab mission. Of course, their success in this attempt 
is fervently prayed for by everyone. 

“A Modest Little Miracle,” Los Angeles Times, 30 May 1973; R. H. Mattinglcy, 
Editor’s Page, Test Magazine, June 1973. 


During a Manned Space Flight Management Council telecon, four agenda 
items were discussed: an early launch date for SL-3; plans for an EVA solar 
array system repair; deorbiting of the Skylab cluster; and lengthening the SL-2 
mission. 

The Council decided to go for a 27 July launch date, with the possibility of a 
further acceleration on a crash effort basis to 22 July if possible degradation of 
hardware because of unexpected thermal stresses required an earlier launch. 
Decisions on the other three agenda items were deferred pending further study. 

‘■Minutes of Management Council Telecon,” 31 May 1973; memorandum. Dale D. 
Myers, NASA Hq, to Associate Administrator through Deputy Administrator, * Launch 
Date for SL-3,” 8 June 1973. 

William C. Schneider, NASA Hq, expressed ic,l et that certain experiments 
would be deleted from the Skylab Program because of loss of the micrometeoroid 
Jiermal control shield and the subsequent deployment of the parasol. Schneider 
also requested that Principal Investigators wishing to make changes in their 
experiments’ protocol submit proposed changes by 5 June 1973, in order that 
the changes might be reviewed by the Skylab advisory group for experiments. 

TWX, William C. Schneider to JSC, MSFC, Dudley Obietvatory, Naval Reiearch 
Laboiatcy, Martin Marietta Corporation, Denver Div., and Westinghouse Electric 
Corporation, Pittsburgh, ‘‘Deletion of Change in Protocol for Certain ExperimcnU on 
Skylab Missions,” 1 June 1973; memorandum, William C. Schneider to Ai^iate 
Administrator for Manned Space Flight, ‘‘Experiments Deleted from Skylab SL-1/ 
SL-2 Mission— Costs, and Alternate Approaches for Operation on SL-3/SL-4 Mu- 
sions,” 22 June 1973. 


Testing began on 1200 OWS flight food samples and 5 cu m of ground test 
analytical food samples. They would be exposed to a thermal profile simulating 
that on the OWS, to verify that the food safety and quality had not been corn- 
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temperature to which the OWE had been 
JSC, “Skylab Program Office Weekly Activity Report,” 15 June 1973. 

The Skylab 3 space vehicle was moved to KSC Launch Complex 39 Pad B on 

a esM, 

On 6 June the SL-3 launch date had been changed from 8 August to 27 Tulv 

ctdZs Therei'^^r r °P“ 

conditions. The prelaunch checkout was accelerated accordingly. 

The S-IVB stage had arrived at KSC on 26 Auvust 1Q71 i j • 

storage untU 28 November 1972. The CSM arrived on I DecembeT 197Tand 

on28Mfy. T.e lU a,ri“ra' KSC 9 May"“ ‘ 

The S-IVB and lU were mated to the S-IB 29 May On 7 Tune the rttiw/ 

™d'rr r“t tr 

=szxzt.zBB:SSS-^. 

S.'a"‘*''M“am'1jOT r.TP'""' 2!> J"™- The «„a) countdown be- 

July entry). ^ preparation for a 28 July launch (see 28 

KSC, “Skylab 3 Post-Launch Report,” 20 August 1973, pp. 7-1, 7-2. 

Adr."pix™ rs^sr ™ --.X 


July 28 
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for the SkvZVr‘ "'"^ K'‘ ^^hicle to be used 

on II j!l!e ^73 “ “ “ Complex 39-B 


Memorandum for record, R. A Aller NASA * a j • • 

Skyirf, E;,p.™u M509/T020 - 21 j“ ,ra’’ ’ **»"'»>»•<■. Bnrfn, oi. 

whifeXTr^**”" ‘° *' "ig and probe assembly on SL-2 

whde crew was unsuned was reaHimsed. Major eonsideradon, ta .rriv J 

dli^ >!»> a suited landing was unacceptable, the addi- 

crew had tra‘ ^ **** ope>aUon unsuited was extremely low, and the 

unsuited jettison of the docking ring and probe assembly. 

^ »nd 1320 km southwem of San Diego. At 

.m., the crew and spacecraft were aboard the Ticonderoga. 

ta ° b/" 1'' Orbimi Workdmp 

’a T'''c'^ >“ i" ««"<li"g «*tc dura, 

nne space flight, and perform inflight experiments. A summary 
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When Skylab 2 rendezvoused with the crippled Orbital Workshop, a pressing assign- 
ment was to draw in close and assess the damage. This closeup photograph 
(above) shows the underside of the partially deployed solar array wing. The 
dangling aluminum strap, debris from the destroyed meteoroid shield, was jam- 
ming the deployment mechanism. On 7 June, astronauts Charles Conrad, Jr. 
(top, in background), and Joseph P. Kerwin clambered out in their space suits to 
try to cut away the strap and free the wing. Conrad holds the cable cutter while 
Kerwin holds him. After some struggle Conrad was successful; the wing fully 
deployed and the Workshop was operational. 
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The photograph “^ove. Ht, shows a^O) ^nith Acres; (2) 

Skylab 2 crew on 13 June ^973. Th Orlando is at center right. 

ov'head^^^^ of thrSkylb space station as photographed from the Skyl.b 2 CSM 

during its final flyaround inspection. 



Above i. . photo ot a siijnificant rfar “ 

fraiiie ot flight film recovered Iioro the Hyd^n Alpha 
rreope No. I and returned ott SkyU.1, 2. The »lar flare 
occurred on 15 June 1973. 
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The Skylah 2 mission was comnIptPri , u i_ 

U.S.S. Ticonderoga 1320 km southwlTofsa^D'""'^ **"« 

elusion of Its 28-day stay in space. J 973, at the con- 


P^culTriyt^en^d^ degree of completion. 

ar array wmg deployment, and OWS system^ parasol deployment, 
Pnmary mission objectives were accomplished a considered. 

experiment-detailed objectives wemcoi^^^^^^^^ and a majority of the assigned 


Tke following comJuiion, 

, p I . ^ mission: 


mission: 

on Ihc flight *'fliculti« that oc- 

vnhKfes. "'Ivanlago of having man on boart spaet 

« in* 1 . * 


^ w - --- opacc 

• Tne flight demonstrated that fvir i 
s- %Ht. pmvhinm „„d.fl m he .:;rr 
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maintenance in the form of accessibility, handholds, tools, facilities, maten , 
and hardware appropriate for interior and exterior operation. 

. There were no operationally significant physical or psychological he^th 
problems associated with the space vehicle environment for the 28-day visit. 
There were no findings that would preclude longer duration visits 

• The habitabUity provisions were satisfactory and contributed to the ability 
of the crew to work effectively for a visit of this duration. No factors were 

identified to preclude longer duration visits. 

. OperTtion of 0.C command and scmcc module eystem, m a 
quie^enl stale was demonstrated for the 28-day period. No factors wem identiaed 

which precluded operation for longer periods. • * j;, 

. ^Extensive scientific data were returned in all planned experiment dis- 

“^^^“The methods and techniques employed in the daily flight planning pro- 
vided the flexibility to react to major departures from preflight 
straints. This ability was an important factor in optimizing the 

. The various experiment groups were organized effectively within each 
discipline and functioned well as a unit. In addition, with the excellent coopera- 
tatrireca d.e varior. experimea. groups, mgh, plaaaiag 
effective in resolving interdisciplinary conflicts and integrating 

perimen^pm^^^on ^ 5 ,^, ^phisticated multidiscipline 

erated large amounts of data requiring ground data handling and processing 

capabilities. ,• u j 

• Overall objectives of the visit were accomplished. 

. r, 1 n Mirvn NASA Ho to Administrator, “Skylab Minion SL-1/ 
^omnduin Dae Post’baunch S^-l/S1^2 Mission ^ration 

S"ofin_73Vll02 14 July 1973; TWX, G. S. Lunney, JSC, to Science AttaiAe, 
Am!?cln Emba,,;. Moscow, 22 June 1973; JSC, Skylab Mission Raport Fsrst Vm,. 
JSC-08414, August 1973, pp. 14-7 and 18-1. 

NASA Ha aauad guiddiars tor tha praparadoa of a Skylab masioa evaluaftoa 
report tha’t would coasla of a uaified set of iadividual repcm or 

which would be prepared by NASA Hq aad the three maaned apac^ 
erS Ceaters would cover such areas as summary aad obiective assessmmt, 
Skylab rdticto descripttea, Orbital Workshop, commaad aad s erv.ee rao dulea. 
crew equipmeat and M;dvitfes. experimeats, pilots’ report, aad operations. 

U,nr. vain™ C. Sch^r, 

'irX >*■>■ «• 

Mission Evaluation Requirements," 22 April 1971. 

The launch date for Skylab 3 was officially established as 28 July 1973 . The 
Ihe laun 7 08 am EOT for 10 minutes and would pro- 

launch window would open at 7.UH a.m. tui lor nlanned fo*. 

vide for a rendezvous in five revolutions. Recovery of SL-3 was planned 

22 September 1973 . 
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Two members of the Skylab 3 
*■**"'> Jack R. Lousma, left, 
and Owen K. Garriott, 


ter, inspect a part of the 
twin-pole solar sail at MSFC 


(above). At right, Lousma 

O. Schneider, NASA Ha tn T^P vcr< j 
Date” S Iiilv 107 ^ j ^ ^ KSC, and MSFC, “SL-3 Lannrh 

5^.3 uJS S;. "■'■ “ 

Wfc a ap^i,,«i Aciing MaMgcr of tfia Apollo^Skylab Pi^pams 

E^vas'aff Toct^ t",'"- ““ 

Manage-, Sdcaca a„d '" *“ " 

KSC Announcement, “Mr. William H Rort a *• 

Programs,” 5 July 1973. ^ ^ ^ ^ ^ Manager, ApoIIo-Skylab 

wfa. “a'''''”’ k"“ ““‘S" 

"" SWd. 

Premature deployment of the meteoroid shield during the Skvlab 1 l 9 ..na.i, • 
terjected additional factors in the consideration of the OWS dcorbit fR f 
»«, «t 3 ApH, ,373.) Bacaaac d.c add,.k>„a, 
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Skylab 3 crewmen (left to right) Alan L. Bean, Owen K. Garriott, and Jack R. 
Lousma during egress training at MSFG before their liftoff. This operation was 
an alternate recovery plan in case of rough seas and the command module’s float- 
ing in the upside-down position, 

deriving from these factors and the inherent crew and mission risks involved in 
the OWS dcorbit even under expected conditions, the decision was taken to 
terminate all OWS deorbit efforts. 

Letter, William C. Schneider, NASA Hq, to JSC and MSFC, “SWS Deorbit, ’* 13 July 
1973. 


Testifying before a joint Congressional Committee hearing, astronaut Charles 
“Pete” Conrad, Jr., stated: 

... I like to think of it as the Pete Conrad private citizen approach — as an overall 
systems design, tie all of these things we talk about with different satellites into 
a big picture. 

Through something like the shuttle vehicle you maintain a space orientation that 
allows you to do communications, weather, Earth resources. And there are many 
other things I can conjecture about such as typing computers and telemetry from 
airplanes for air traffic control. There are all kinds of things you can get into. But 
I feel that these little niches we arc making with the data we brought back from 
the Moon gave us a system that allowed us to, in a relatively inexpensive manner, 
fly a space station for the flight that we flew. And it will fly several more flights. 

And the future says that w'C have a tremendous capability to help mankind, if it 
is developed. And I feel it has to be developed in a profitable nature. And that is 
something this country can do under the free enterprise system. It is the payloads 
of the future and how they are integtated into the system that will give us all 
of these benefits. Earth resource.s, solar technology and many of the other things 
that are being done by the unmanned satellites. I think man is a necessary link in 
this system because he has to repair it, maintain it and operate it. That means not 
only on the ground but also in the air. 1 could go on forever with what I think 
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Alan L. Bean looks over the data acquisition camera mounted on the water tank in 
the upper level of the Orbital Workshop one-g trainer at JSC, while preparing 
for the Skylab 3 mission. 


some of the systems could be. But I think we are giving enough data to the 197J 

citizens of this country that they should appreciate that there is a place for using 
this system that we have developed that will really bring benefits to many, many July 

people. ... 

U.S, Congreis, Sei.r^te Committee on Aeronautical and Space Sciences and House 
Committee on Science and Astronautics, Testimony from Skylab Astronauts: Joint 
Hearing, 93d Cong., 1st sess., 17 July 1973, p, 10. 

Twicc-weekly experiment planning meetings were being instituted for the 59- as 

day Skylab 3 mission. The purpose of the meetings was to formulate a balanced 
set of experiment requirements for each upcoming week based on a consideration 
of plans for the remainder of the mission. 

Letter, William C. Schneider, NASA Hq, to Principal Invcttigatori, "Second Skylab 
MiMion," 25 July 1973. 


i. 
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Skylab 3 Ufted off from Pad B, Launch Complex 39, KSC, at 7:10:50.5 a.m. 
EDT. The vehicle was manned by astronauts Alan L. Bean, Owen amott, 
and Jack R. Lousma. 

The space vehicle, conskting of a modified Apollo command 
payloL on a Saturn IB launch vehicle, was inserted into a 231.3 by 154.7 km 
orWt. Rendezvous maneuvers were performed during the first five orbits as 
planned. During the rendezvous, the CSM reaction control s^em forward 
firing engine oJdizer valve leaked. The quad was isolated Station-keeping 
with the Saturn Workshop began approximately 8 hours after hftoff, with doc - 
ing being performed about ^0 minutes later. 

JSC. Skyhb Mission Report Second Visit, JSC-08662. January 1974, p. 2-1. 

The Skylab 3 crewmen experienced motion sickness during the firet three vmt 
days Consequently, the Orbital Workshop activation and expenment imple- 
mentation activities were curtailed. By adjusting the crew’s diet and mamta^g 
a low workload, the crew was able to complete the adjustment to space High 
in five days, after which flight activiUes returned to normal. 

On 2 August the service module reaction control system, engines were inhibit^, 
and tha iiladon valve ck>*d bean» o( another kak. Ac«pt,*fc »nuol ^ 
and deori>it and tntty procedures were defined, consistent with the constraints 
imposed by the two reaction control system problems. 

The first extravehicular activity was delayed unul 6 August because of the 
crew’s motion sickness. The E\r^ lasted almost six and one-half hours during 
which time the crew changed the Apollo telescope mount film, deployed the 
twin-pole sun shield (see 6 August entry), inspected and 
on the S055 (ultraviolet spectrometer) experiment, deployed the S (p 
collection) experiment, and iastalled the calibration shield from expenment S23U 
(magnetosphcric particle composition). 

A second EVA was performed on 24 August. It lasted 4 hours 30 minute. The 
tasks accomplished included installation of a rate gyro package, 
of a thermal shield material sample, retrieval and . 

work station film, temporary stowage of the experiment SI 49 in the fixed ^ri^k 
shroud and redeployment at the Sun end, and removal of the aperture door/ramp 
latch from two ATNi experiments. 

A third EVA was accomplished in 2 hours and 45 minutes on 22 September. 
Its purpose was to retrieve the expended film on the ATM solar experiments and 
experiments S230 and SI 49. 

Earth resources experiment package activities included 39 pa^ with » 
of 930 minutes of data. All experiment coverage was normal with the excepUon 
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experiment S193 (microwave radiometer/scatterometer and al- 
timeter) when the antenna failed to operate during data pass 29. 

A series of medical experiments was accomplished which assessed the effect of 
a 59-day space mission on the crewmen. Included were a hematology and im- 
o ogy program, a mineral balance assessment, an evaluation of the changes 
m hormonal imd associated fluid and electrolyte parameters, the extent of bone 
mineral loss, the cardiovascular effr^ts utilizing the lower body negative pressure 
xpenment and the vector-cardiogram, and an assessment of metabolic Ltivity. 

Four astrophyacs experiments were successfully performed: experiment S0I9 
(uUraviolet steUar astronomy); experiment S065 (ultraviolet and visible E^h 
P ograp >), experiment SI 49 (particle collection); and experiment S230 

Data were obtained for studies of the 
habitability and crew quarters and crew activities and maintenance. In addition 

f7™fd -‘I— were p:"’ 

fo^ed. The chart below gives a comparison of the actual crew time devoterto 

expenments as opposed to that allocated in the preflight plan. 


Man-hours Utilization 


Category 


Actual 


Prefiight 


Medical experiments 
Apollo telescope mount 
experiments 
Earth resources experi- 
ment package 
Corollary experiments 
Subsystem detailed test 
objective 

Student experiments 
Operational" 


Hr: min 

Percent 

Hr: min 

Percent 

304:47 

7,2 

291:22 

6.9 

452:56 

10.7 

311:01 

7.3 

223:31 

5.3 

165:23 

3.9 

231:15 

5.4 

153:45 

3,6 

7:05 

0,2 

3:49 

0.1 

10:49 

0.3 

10:06 

0.2 

3017:04 

70.9 

3314:45 

78,0 


.leiuuea Sleeping, eating, housekeeping, etc. 

Hours adjusted to account for increased mission duration. 


On 25 September, the command module was reactivat^H .u 

S)T Th'"”^ km southwest of San Diego. Splashdown was at's 20 n'm 


R. y. Gordon, “JSC PAO Skylab Activities Summary,” September 1973- ISP er # t 
Mutton Report Second Visit, JSC-08662, January 1974. pp. 2-1, 2-2, and 1^7^“^ 
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Lewis Research Center Director Bruce T. Lundin, who served as clmrm^ oi 
the Skylab 1 Investigation Board, presented the findings of the board and the 
recommended corrective actions in congressional testimony: 

. . the Board developed 14 findings, quoted directly herein as contained in our 
report to the Administrator of NASA. 

1. The launch anomaly that occurred at approximately 63 seconds after lift- 
off was a failure of the meteoroid shield of the OWS. . , , 

2 The SAS-? wing tie downs were broken by the action of the meteoroid 
shield at 63 seconds. Subsequent loss ol the SAS-2 wing was caused by rctrororket 
plume impingement on the partially deployed wing at 593 seconds. 

^ 3 The failure of the S-II interstage adapter to separate m flight was probably 

due to damage to .he ordnance separation device by falling debris from the 

’"““"’•nietiit probable cause of the failure of the meteoroid shield w« interna! 
pressurization of its auxiliary tunnel. This internal pressurization ^t^ to f^e 
L forward end of the tunnel and meteoroid shield away from the OWS and into 
the supersonic air stream. The resulting forces tore the meteoroid shield from the 

The pressurization of the auxiliary tunnel resulted from the admbsi^^ 
high pres.sure air into the tunnel through several openings in the aft end^ 
openings were: (1 ) An imperfect fit of the tunnel with the aft fairing; (2) an open 
boo^eal between the tunnel and the tank surface; and (3) open stnngers on the 
aft skirt under the tunnel. 

6. The venting analysis for the tunnel was predicated on a ^ 

aft end The openings in the aft end of the tunnel thus resulted from a failure 
to communicate this critical design feature among aerodynamics, structura 

design, and manufacturing personnel. j i • ij when 

7 Other marginal aspects of the design of the meteoroid shield which, when 

taken together, could also result in failure during launch are: 


a. The 
air stream. 

1). The 

c. The 

d. The 

e. The 
radial force 

f. The 

g. The 

h. The 
loads in the 


proximity of the MS [meteoroid .shield] forts ard reinforcing angle to the 


existence of gaps iKtssccn the OWS and the forward ends of the MS. 
light spring force of the auxiliary tunnel frames. 

aerodynamic crushing loads on the auxiliary tunnel frames in flight 
action of the torsion-bar actuated swing links applying an outward 

to the MS. 

inherent longitudinal flexibility of the shield assembly. 

nonuniform expansion of the OWS tank when pre«urized. 

inherent diflkulty m rigging for flight and associated uncertain temion 

shield. 


8. The failure to recognize many of these marginal design 
6 years of analysis, design and test was due, in part, to a presumption that he 
metToroid shield would be "tight to the tank" and "structurally integral with the 
S-IVB tank” as set forth in ihc design criteria. 

9 Organizationally, the meteoroid shield was treated as 
system. The absence of a designated "project engineer” for the shield 
trthc lack of effective integration of the various structural, aerodynamic, aeioelasuc. 

test fabrication, and a.s.sembly aspects of the MS system. 

’ 10 The overall management system used for Skylab was essentially 

„ .h." f. ■!.. Apaio pLir....- Th« ... 
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Skylab; no conflicts or inconsistencies were found in the records of the inanaee- 
ment • onethclcss, the sigiuricaiue of the aerodynamic loads on the MS 

uiiiig launch was not revealed by the extensive review process, 

II No evidence was found to indicate that the design, de^elopn.ent, and test- 
h of the meteoroid shield were compromised by limitations of funds or time The 
quality of workmanship applied to the MS was adequate for its intended purpose. 

nven the basic view that the meteoroid shield was to be completely in 
contact with and perform as structurally integral with the S-IVB tank, the testing 
emphasis oil ordnance performance and shield deployment was appropriate. 

n. Knginemng and management peisouiiel on Skylab, on the part of both 
contracts and Government, were available from the prior Saturn deployment and 
\\cic highly experienced and adequate in number. 

14. The failure to recognize these design deficiencies of the meteoroid shield 
as well as to comuuinicate within the project the critical nature of its proper 
seining, must therefore lie attributed to an absence of sound engineering judgment 

and aler, engtneeriug leadership concerning this particular system over a consider- 
able period of time. 

The^ fiudiugs led the Board to offer the following four corrective actions, again 
quoud diicctly from our report to the Administrator. 


1973 

July 


1. If the backup OWS or a similar spacecraft is to be flown in the future a 
possible course of action is to omit the meteoroid shield, suitably coat the OWS 
or thermal control, and aicept the meteoroid protection afforded by the OWS 
tank walls. If, on the other h,-.nd, additional protection should lie nere.vsaiy 
the Boaid is attracted to the concept of a fixed, nondeployable shield. 

2. To reduce the probability „f .separation failures such as occurred at the 
S-IImter.st.-tge second separation plane, linear shaped charges should be detonated 
.sumi Itaneously from both ends. In addition, all other similar ordnance applications 
should be reviewed for a similar tailure mode. 

3. Structural systems that have to tnovc or deploy, or that involve other 
mechanisms equipment or components for their operation should not be con- 

sidcred solely as a piece of structure nor be the exclusive responsibility of a 
strueture.s organization. ^ 

4. Complex, multidisciplinary .systems such as the meteoroid .shield .should 

have a desipiated project engineer who is responsible for all aspects of analysis 
design, fabrication, tost, and assembly.” ‘ ’ 


U.S Congress, Senate, Committee on Aeronautical and Space Sciences, Skylab— Part 
//earing „/ Skylab I Invrxlisation Board, 93d Cong., 1st scss., 30 July 

197.^ pp. .5 .6; U.S. C.ongnss, House. SubconuniUee on Manned Space Flight of 
the Committee on Science and Astronauiics, Skylab I Invrstigation Report: Hearing, 
9Jd Cong., 1st se,s„ 1 August 1973, pp. 29 .30; memorandnm, G. M. Low. NASA hJ 
o Program Associate Administrators, “Skylab 1 Investigation Board Report," 19 July 


In a letter to the White Hou.se, N.\SA Adniinlsirator James C. Fletcher .sum- 
marized the Skylab 2 mis.sion : 


...A .situation that was bleak indeed on May 14, and for .several days thereafter 
improwd to a point well beyond our most optimistic forecasts at that time’ 
I Ins of course was due to a courageous crew and a dedicated team of government 
and industrial contractor personnel, whose dedication and ability cannot be 
overemphasized. 
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Not only was the crew able to accomplish the great majority of the technical and 
scientific objectives established for this first Skylab mission, but they were able 
also to repair the Skylab space station and leave it in a condition which will allow 
the satisfactory completion of nearly all that we desired from the overall Skylab 
Program, with the unexpected additional accomplishments of demonstrating the 
ability to respond to adversity and demonstrating the flexibility provided by the use 
of man and his faculties in a hostile environment. . . . 

Letter, James C. Fletcher to the President, 30 July 1973. 

Skylab 2 postflight medical debriefings indicated the desirability of minimizing 
crew exposure to recovery ship motions for both crew reconditioning and post- 
recovery medical evaluations. In order to provide the Skylab 3 crew with this 
minimum exposure, mission duration was extended to 59 days. This allowed 
for a splashdown closer than 550 km of San Diego, and a crew stay time aboani 
the recovery ship of only 17 hours. 

^tter, William C. Schneider, NASA Hq, to Associate Administrator for Manned 
Space Flight, “SL-3 Mission Duration,” 1 August 1973. 


During weekly medical briefings scheduled to begin on Thuraday, 23 August, 
JSC would provide the Skylab Program Director with an in-depth review on 
all medical experiments and a consolidated systems-type clinical summary on 
crew health status. Where possible, a projection of anticipated crew performance 
would also be presented. 

Utter, Kenneth S. Kleinknecht, JSC, to Skylab Program Director, “Medical Review 
of SL-3 Results,” 2 August 1973; TWX, William C. Schneider, NASA Hq, to JSC 
Manager, Skylab Program, “Medical Status,” 26 July 1973. 


During EVA by crew members of Skylab 3, a twin-boom .sunshade, developed by 
MSEC, was deployed over the parasol of the OWS. A redesigned and refined 
thermal para^l had been launched with Skylab 3. However, its use would have 
required jettisoning the parasol deployed by crew members of Skylab 2, with 
the possibility of creating the same thermal problems that existed on the OWS 
prior to the parasol deployment. Following erection of the twin-pole sunshade, 
the cabin temperature stayed at a comfortable 293-297 K (67.7°F-74.9°F). 

Second Visit, JSC-08662, January 1974, pp. 3-1 and 


Anomalies that had occurred during micrometeoroid shield testing were sum- 
marized: 

A series of deployment tests were conducted on the micrometeoroid shield during 
the course of two years prior to launch, Only one component actually failed during 
this testing. This failure was the rupture of an ordnance expandable tube which 
did not affect its intended function of breaking the tension strap, but did allow 
contaminants in the form of explosive residue to be released. Redesign was 
accomplished and no further problems were encountered. 
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Other anomalies that occurred which precluded the tests from being successful 1973 

were misalignment of deployment latches and failure of latches to engage. All de- 
ployment tests were successful from the standpoint of deploying the micrometeoroid August 

shield to a position which would have been acceptable for orbital operations. 

A second micrometeoroid shield component failure occurred during ultimate pres- 
sure testing of the dynamic test article. Three of twenty-four hinges that connect 
the micrometeoroid shield to the straps which run unde»* the main tunnel yielded. 

The straps were subsequently redesigned to provide greater strength and no 
further problems were encountered. 

The decision to utilize solar panels instead of fuel cells or some form of generator 
was not made because of economical reasons. Fuel cells had originally been 
considered; however, due to extension of the mission to 240 days total, and the 
continued increase in power requirements, the fuel cell concept became inadequate. 

The solar panels were developed to satisfy the extended mission and high power 
requirements. 

Memorandum, W. K. Simmons, Jr., MSFC, to G. C. Hunt, MSFC, “Skylab Micro- 
meteoroid Shield Inquiry,** 6 August 1973. 


A meeting was held at MSFC to define a viewing program for the comet Ko- 
houtek during the SL-4 mission. Representatives from NASA Hq, MSFC, GSFC, 
and JSC attended. Results of a feasibility study for viewing the comet were 
presented to the NASA Administrator on 15 August, It was agreed that ob- 
servations of Kohoutek would be made at appropriate times during the SL-4 
mission. 

JSC, “Skylab Program Office Weekly Activity Reports,” 10 August and 23 August 
1973; TWX, William C. Schneider, NASA Hq, to MSFC, JSC, and KSC, “SL-4 
Mission Schedule,’* 16 August 1973. 

NASA decided to delete the Skylab backup Saturn V Orbital Workshop launch ^3 

capability effective 15 August. All work associated with the completion, checkout, 
and support of Skylab backup hardware, experiments, software, facilities, and 
ground support equipment would be canceled immediately, except for the work 
that would directly support SL-3, SL-4, and rescue missions. 


Memoranda, Dale D. Myers, NASA Hq, to James C. Fletcher, NASA Hq, “Cancella- 
tion of Skylab Back-up Saturn V Workshop Launch Capability,** 8 August 1973; 
James C. Fletcher to Dale D, Myers, same subject, 13 August 1973; TWX, William 
C. Schneider, NASA Hq, to JSC, MSFC, KSC, LaRC, and ARC, same subject, 
15 August 1973, 


The Skylab 4 space v'chicle was moved from the KSC Vehicle Assembly Building August 14- 

to Launch Complex 39, Pad B, on 14 August. The space vehic).; consisted of 
a Saturn IB launch vehicle — S~IB— 208 first stage, S-IVB-208 second stage, 
and S-IU-207 instrument unit; a CSM-118; and a spacecraft lunar module 
adapter. The SL-4 crew was made up of commander Gerald P. Carr, science 
pilot Edward G. Gibson, and pilot William R. Pogue. 
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The S-IVB stage had arrived at KSC on 4 November 1971 and Iwd been 
placed in storage until 15 December 1972. The CSM arrived on 10 February 
1973 and wevs moved into the Operations and Checkout Building for systems 
testing. The S-IB stage arrived on 20 June 1973 and was erected on MoMc 
Launcher 1 on 31 July 1973. The lU arrived at KSC on 12 June 1973. Th 
S-IVB and lU were mated to the S-IB on 1 August 1973. 

The processing schedule was accelerated on 3 August to a seven-day, 24-hour^ 
per-day workweek to make SL-4 ready for a pos.sible early flight to rescue the 
Lbidng SL-3 crew, which was having serious leakage problems in their semcc 
module reaction control system. This accelera^d 

launch on 9 September. As a better understanding of the SL-3 problem was 

obtained the SL-4 checkout flow was adjusted on 13 August to support an 

earliest launch date of 25 September, which allow^ed a 

integrated systems test to be conducted. With this schedule, hypergohe loading, 

antidpated for 9 September, would be a decision point for a 

earliest launch readine.ss of a rescue mission nine days from 

hypergolic load. Upon completion of the hypergohe loading preparations on 1 

Zv^ber, the spac' vehick remained on a launch minus nine days status untd 

th^ splashdown of SL-3 on 25 September, when the .schedule was readjusted 

for a 10 November launch. 

On 15 August, the mobile launcher sustained several lightning strikes. Damaged 
components of the CSM, mostly guidance system units, were replaced and «- 
tested. The launch vehicle lightning retest revealed no related failures or effects 
on the launch vehicle or ground support equipment. 

Cracks in an S-IB upper “E” beam forging were found on 27 August; repairs 
were completed on 3 September. 

The m,ht rcadines., W wa., completed on 5 September. Pmeesing of the 
vdticle continued until 9 September, at which point .t was 
hvnergolic loading. The space vehicle remained in this mode until M September, 
«hen*the SL-3 astronants splashed down successfully. Scheduled processing 
began immediately tor a standard mission November Uimch. 

A rerun of the flight readiness test was completed on 1 1 Oct^'- Spa^ vetol. 

loadini completeu on 19 October. On « 
fuel tank domes were inverted due to a partial vacuum pulled on the W two 
days later a tank pressurization returned the tanks to their original configuration. 

As on SL-3, the countdown demonstration test was combined with the count- 
IT it ;,ie fnnetion, with a launch 

bv securing and 42 Mi hours of final countdown tasks. ThcI^D-wct began at 
iSS p m EST on 28 October and finished at 1 1 140 a.m. EST on 2 Novemb«. 

Discovery and rep.air of crachs in the S-IB fin, cansed a flv.nl.y 

of the launch date, and one additional day was needed to inspect the S- 
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•m- EST. 16 November (see 16 

I key points resulting Lm^^^k Z^on'Zc: ^ The 

if 

for other 

iemb^r 1973 flow through 9 Sep. 

a mne-day launch capability ^ bold Ldl w^S, 

*” orrj:'^ •» 

17 September 1973 at^^h'^h'^t-^^ ''Workshop systems fully would be h u 

TlIlI .'* 

(oj At SL-3 splashdown, the ST^ ^ ° ^ ^ necessity. 

”■' Srf ■-'" ^ •<■' noma, 

S201 f„ » ^predicated on the av3i,y of the 

*""■ “"'“P“ “»“'« be m«fe to aceo™^' 

“ be budgeted to eiKurerta™'t^(“*^'‘‘ “™‘ °bservations ram 
Concurrently baselined. additional film or tapes be- 

experiments. 

M K -,d ^.e ttse~r'‘“ 

Kp- rent? 

SMa„:55S£££»;s^^ 

entena document. °“fl'ned m the .systems managemern 
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(12) Funding lor .he cxperi.nen, n,„dificn,iun< would be .he responsibility 
of the development center alter lb August 1973. 

TtVX, Wmiaa, C. Srhnridrr. NASA H,. .» JStt. KSU, s.d MSFC. -S... Han-.,.- 
17 August 1973. 

Guidelines were issued bv N.ASA «q 

unneeded Skylab Program equipment. Two Sa m „pp„pna,e 

“ouldt ;:ced in"’l“, mun' Lira-ge as soon as pmgram requirement, 
permitted. 

n,„„ W«,la. c. Scharidrr, "'SA „ MSF^ 

Disposition ”^^'^SPc"and JSC ‘'Tckconferencc on Storage and Disposi- 

:rr 0SE,» « S.p.«nher ,«3. 

after the equivalent of 3316 solar Hour of exposure. 

e. Cl t nSF' in S tacobs JSC, “Results of Tests on Skylab Parasol 
Letter, Wayne S. Slemp, LaRC., to S. J aeons, j , 

Material,” 31 August 1973. 

. u . mf thP Soace Shuttle Program Manager, equipment had been 

2Z a Navy sXage ve^l (a part of the launch 
^^eHor the purpose of monitoring the sonic booms created W J ^ 

u^h ‘however, .he necessary data were -•»>>"; 

fannch because P-rn - d^^^ J,, 

Munoranda... M. S. M.lkta NASA «3. “ Sl“c. 

E:“irNAr 

Sonic Boom Tests for Skylab 1/2, 7 May 1973. 

A. a Kohnufck status meeting JSC was 

ufttaviolet eye protection would be requ,^ .^V *ej.lty|J l"tddidonal eye 
during extravehicular viewing. 

JSC “Skylab Program Office Weekly AcUvity Report," 21 September 1973. 


332 


i'ART III; SKYLAB DEVELOPMENT AND OPERATIONS 

assurance that an Apollo-Soyuz 
■ oject (ASTP) revisit to Skylab in mid-1975 was feasible. However such 

>° «>e inflight planning and 

xecution because of uncertainties in the orbital mechanics, 

7u’ Schneider, NASA Hq, ,o the Program Director ASTP 

ASfP-Skylab Revisit,” 13 September 1973- Ipiirr n s i ®"m director ASIP, 

Director. ASTP, "Skylab Revisit,” 26 November 1973. ’ ^ 

The Director of the Skylab Program, in offering his counterpart in the ASTP 
some advice m establishing an ASTP television program, sfated: « I 

^ca^teroneT ^“^jict 

because everyone is an expert on requirements. If you can get: 

a. The groundrulcs stated, 

b. ^e requirements from the senior man who feels responsible, 

c. Ihen treat it like any other requirement, 

d. Put a discipline in the system more rigorous than I did 

e. Take the requirements people out of the day-to^lay implementation 

you may only get only one TV ulcer.” pit-mcniauon, 

ProSr^r^hT?""- NASA Hq, to Director, Apollo-Soyuz Test 

rrojcct, Skylab Television Expencncc,” 15 September 1973. 

remrn?d^'™TRr^^^^ ^ demonstration would be 

lurit the^fm ’'f provided that one or more of the fish were still 

ahve at the time of deactivation. Upon return to the recovery ship, the fish 

Tydronment and observed to determine any reaction to the one-g 

backuH^rand e\ b r comparison with th! 

ackup fish and embryo which were being held in the JSC laboratory. Later 

WiSSt d 7^*“^ examinations of their vestibular apparatus would be 
performed to determine auy changes between the two groups. 

Memorandum, William C. Schneider NASA a. * aj • . 


1973 

September 

13 


15 


18 


More high-quality solar data were recorded by the SL-1/2 mission than aU 
previous solar research efforts combined. This was achieved with the ATM— a 
configuration of high-resolution iastruments on a single platform with a wide 
range of s^ctral coverage pointed simultaneously at specific targets. In addition 
man was integrated as a scienUfic obsemr, operator, and repfimian to 22 
maximum return of data. 

Letter, R. lie, MSFC to Diit., “ATM Result!/* 18 September 1973 . 
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A Skylab 3 onboard photo shows astronaut Jack R. Lousnia as he flew the astronaut 
maneuvering unit in the forward dome of the space station while m Earth orbit. 


1973 

$«pt«mb«r 

21 


2S 


The final Earth resources experiment package pass for Skylab 3 ended. In all, 39 
Earth-oriented passes, six solar inertial passes, two Earth-limb surveys, and two 
lunar calibration sequences were completed. 


The 15 hours of data acquisition was about 40-percent higher th^an th. 
premission flight plan and included 15 780 photographs and 28 000 m of 
Lgnetic tape. Data were acquired over the United States, Central and South 
America, Europe, Africa, Japan, and Southeast Asia. Special observations were 
made of tropical storm Christine, the Sargasso Sea, the African drought area, 
and the Pakistan flood area. Oblique and nadir photography was obtained for 
most of Paraguay as part of a joint U.S./IAGS (Inter-Amencan Geodetic 
Survey) Paraguay mapping experiment. 

Memorandum. T. L. Firchetti, NASA Hq. to Di.t„ -SL-3 Summary and EREP 

Program Status,’* 26 September 1973. 


All primary mission objectives for Skylab 3 were accomplished with the safe 
recovery of the crew and vehicle. Thc.se objectives were to 

(1) Perform unmanned Saturn Workshop operations by obtaining data 
for evaluating the performance of the unmanned Saturn Workshop and obtaining 
solar astronomy data through unmanned ATM observations. 
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c (2) Reactivate the orbital assembly in Eirth nruu u 

assembly (Orbital Workshop plus cornlmH ? the orbital 

i space structun. for up to^Z ^ ^ 

and obtaining data 'or evaluating rr.. . second-visit spacecraft 

; in^avrticula? 

»p»ce flights by ob^L^g'^moiM'dataT “Mnded duration manned 

of a ,A fliit of up to it d i t on dm cnn. 

determining if a subsequent Skviab ms ” '^r obtaining medical data for 
feasible and advisalT^ 8"“'“ <"»" 59 day*’ duration is 

(4) Perform inflight experiments by obtaining ATM ««le. 
for continuing and extending solar studies bevonH th r • ^ f data 

vations; obtaining Earth-resources data f ^ Earth-based obser- 

obseivation of the Earth from lolEalth 

ac^udlie. eugineedng, teehnology, and Departminrof WertitptmeT'" 

l^e^LtSytSXTeTitcl ‘ “8'’ **« ■>' 

-d-on caused V dm umtioniku^^L Atrrt t,' 
crew quickly caught up and dutine the Z !i ‘*>e 

preplanned workload. For many experiZ^te b V ^ 

exceeded, and a number of exMrim,^ i '^»s'hne requirements were 

f^ed. (See chart i„X 
f From dm suceessfd eompledon of the Siyfah g mission, the folding conclusions 
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were reached : 

(1) The ability of the crew to correct systems difficulties by actions such as 
deployment of the twin-pole sunshicld, replacement of the rate gyro package, 
repair of the teleprinter, and repair of the ATM experiment door enabled the 
second visit to proceed as planned and again demonstrated the advantage of 
having man on board the vehicle. 

(2) Revisits provided the opportunity to correct hardware problems, 
restructure objectives, and revise replaceable commodities based on actual 
experience. 

(3) Psychological and physical conditions resulting from the 59-day mission 
indicated no constraints for longer duration flights. 

(4) Ordinary hand tools could have been used effectively in place of special 
tools in the zero-g environment when making repairs and adjustments. 

(5) The limitations of noncontinuous ground station coverage imposed 
restrictions on data return, systems management, and uplink information. 

(6) The skills learned in underwater training were almost identical to the 
skills used in actual performance of tasks during EVA and, if instructions were 
adequate, a crewman could perform extravehicular tasks for which he had not 
specifically trained. Tasks were somewhat easier to perform in zero-g than in 
underwater training. 

JSC. Skylab Mission Report Second Visit, JSC-086G2, January 1972, pp. 14^1, 14-2, 

and 18-1; memorandum, William C. Schneider, NASA Hq, to the Administrator, 

15 October 1973. 

An ad hoc committee was established to analyze the vestibular problems which 
occurred in previous manned space flights and to make recommendations con- 
cerning prevention and control on future flights. Particular emphasis was placed 
on the experiences of the Skylab 3 crew . As a result of the committee meeting, 
it was recommended that the crewmen of SL-4 take anti-motion-sickness medica- 
tion immediately upon orbital insertion and follow this with periodic doses for 
the first three days of flight. 


Memoranda, S, B. Vinograd, NASA Hq, to the JSC Director of Life Sciences, Ad 
Hoc Committee on Skylab Vestibular Effects,” 4 October 1973; C. A. Berry, NASA 
Hq to Director, Skylab Program, “Use of Anti-Motion-Sickness Medication for SL-4 
Launch,” 5 November 1973; Kenneth S. Kleinknecht, JSC, to Skylab Program Direc- 
tor, “Medical Action Items,” 6 November 1973; William C. Schneider, NASA Hq, to 
JSC Skylab Program Director, “Skylab Action Items,” 9 November 1973. 


All elements of the Skylab organization (NASA Hq, JSC, MSFC, and K 
would prepare documentation of significant Skylab experiences. Preliminary 
drafts of these “Lessons Learned” would be circulated to other Centers and 
Headquarters for review and comment prior to final publication. It was 
anticipated that the reports would be ready for final publication about the time 
of the SL-4 splashdown. 
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acuviucs m the deactivation sequence Lt .hJ? . i ’ ‘"**'"*"*‘*0" of aU 

«c„mn.odado„ „, ,bc circadian « n.ccr,„,. JornriJir^ftHll^^^ 
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t"r„“ '">”«■ 

mernfore, rnmnarrics -“e in P'“ %brb 4. 
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20 


24 
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Memorandum, J. W. Bilodcaii Tcr * r*- 

UtUHleau. JSC, to Dtst, ••SL-4 Flight Plan,” 30 October 1973. 

the^ptrCm of aSuT After S S 

hand carried to KSC. The epps would be1 h t” containers, they were 
ferred to the O'.VS sleen mmn punched on Skylab 4 and then trans- 

during the course of the SL-4 nSior^ninL^^"*" 1 ^ ^ monitored 

of the Secretary of Agriculture. ''arried at the request 

JSC, -Skylab Prog«. Office Weekly Activity Report,,” 3 and 9 November 1973. 

-‘^er to replace eight 

countdown detnonstrain tit in^p^ '^-ng a jit. 

ciaC wem can^d b, ,»d sfrea, 

■Minnie. Mwincd Spne. FII.I,, M.nn,cn.,„, Onnncil Mmiln, ,■• , N„„bc, 

72rra:^ir,t.:;:r„,r!:; rst?' ^ ~ 

39 hg o, bigb-enc^, fm. r“al' 
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of tJ>c mk-ion to 85 .lays, plus an aclclllional 10 clays supply for a resc ue capa- 
hilitv. The food ba.-s. whU h contained M) c alories eac h, wen. d be usee by he 
crewmen cverv third dav of the mission in combmat.on with the normal Skylab 
food. There were three kinds of enn.,y bars c hocclate chip, crispy, and flake. 
Each was coated %vith one of thiee flaccid Namlla, chocolate, or strawberry- - 
makin.j nine clifTerent sarieties. The bar. a .nodif.cation of a ccjmmerc.ally 
available Pillsbury food slic k, was an olTspring of a bar developed jointly by- 
NASA, the U.S. .'\ir Foice, and the Pillsbury Company. 

JSC News Release 7H - I Oi. "Ne w KooU l.T I hird Skylab Mission." 6 Novembe-r 1973. 

A launch readiness review was held at KSC. From the review and doseout of 
action items, the Skvlab 4 %ehicle was .letermined to be ready for launch on 
16 November 197;i. Other reviews included the KSC flight reachness leview 
18 October; the JSC Director's flight readiness rev.c-w “’"Tthe 

a, Id sercice module flight .eadiness .eview, 1 1 Oc-tober: the MSFC ^-w of ^the 
Skylab Workshop systems capabilities. 1 / .September, and the Kv , . 
readiness review, 15 October 197.b 

Lcucra. W. tl. Schnoia.r. N.VS.k llq, to Skylab 1 Fbglu 
"Confinnation of Klisbt Rc-adim-ss (or Skylab 1. 

<7. » DU,., •sjvi.u D = D»> 

ci 1’* 17 October 1973* W- C’.. Scbneuler to JSC., MSl'C., and K^C., 

nine" . OctoUrr 197„: W. C. Sdin.iUrr MSFC aiul JSC-. "MiHion Planning or 

SL i ■■ an sl^'nib., I97J, W. C. I" DU.., "Shlab S,— 

for SL-4 Laumh Planniii.C’," 19 Scptc-mbor 197.1; ISSXs, t'. t.. * p’ 

MSVr KSC and GSFC, - SL I FRR and IX'.R Sc bodulc-. 7 Scpu-n.l>cr 1973 Lb. 
n‘?*^‘\lSKC to '’\S \ 111! KSC. and JSC. "SL I Pre-Mission Planning and SWS 

eSM 118/SLA -.24," 11 October 197.1. 

Skxlab 4 was launched at 10:01:25 a.m. EDT fmm Pad ^ 

Planned duration of the mis.sion Nvas 56 days, with the option o ^ ^ 

maximum of 84 day.s. The crewmen were Gerald P. Carr, Edward .. .i ■ . 

and William R. Pogue. 

m spiuip vchidc n( a n.o,Br.«l Al>*' ‘-SM auJ » SiU.in. IB tonpJ> 

vchick. .Ml humcl, pl„»- ..vc,.L< Mcrp unm.nl, and .he CSM was 

150 1- by 227.08-kin orbit. The rende/vmis sequence was performed afcordmg 

to the anticipated titnclinc. Statienkeeping was initiated alxnit seven 

honm after liftoff, and hard docking was achieved alxntt 50 m.mttes later 

following two unsitccc.ssful docking attempts. 

J-C, Skylab Mission Report Third Visit. JSC. 08963, July 1974, p. 2-L 

Durin, 17 ancUS Novemto, Oriiilal VVmkshnp ao.iva.i„., vm< 

the ciiw of Sk>4«b 4. The rearlivali.,,. imhalnl >he n:semc,„R ol the atrlod. 

module primary coolant loop. 
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Skylab 4 was launched from KSC at 
10:01 a.m. EDT, 16 November 
1973, the final launch of the Skylab 
program. 


during the initial te^ayl pi 

as^ the effects of the space visit onThl'crcwmT^&mrh^ 
and many new medical detailed test objectives were ad^T 

EREP o^rvations were conducted throughout the visit Thirtv «: j 

were performed with the full comnlpm«„f r • ' data pass< 

additional data passes ^rrlde W ^ • f 

tion. Although the data acquisition s t^ P^'Po^s such as instrument calibn 
States, Mexico, and South America Tt concentrated in the Unite 
AlHca. Asia. “REP^'r 

nsual observations were made, and more than 2000 nh 851 

h.„d-hdd came™, documcn, ap^idf a^rnmero^t^ 

w,rror r ^n-x. 

ob«n^d„™gd.eSkvlabP™g™m:aX:Sflt,«'^^^^^^^ 
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November 
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Top, left, is a view of the Comet Kohoutek from Skylab 
4 on 25 December 1974, when its halo was about 2.6 
million km in diameter. At top right, on the same 
day Kohoutek’s tail was approximately 4.8 million 
km long. Above right, is a 19 December 1973 photo 
of the most sj>ectacular solar flam yet recorded 
(upper left), spanning more than 588 000 km across 
the solar surf.ice. The darkened areas at top and 
bottom are polar areas. At right is a near-vertical 
Earth view, showing about 30 percent of Wyoming 
and small portions of Montana and Idaho; the dark 
area at left is Yellowstone National Park, Above is a 
view of the ice-filled mouth of the St. Lawrence 
River in Canada; Anticosti Island is in the center. 
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performance. More than 9nn i_ 

»>»e-.ion. w,-,. ^Pea'afo^pe 

The (i„, Evl“tl 'rc^pMedl^ n’’' ‘T“"^ aPPraatoately 22‘A 

included performing corrective maintenancroTth"*^' accomplished 

and altimeter) an enna de7'"'"'"‘ 

D024 ^thermal control coatings), deplovinP f ? experiment 

(part.de collection), deploying detector moLr^f experiment S149 

-m.c rays), and deploying Lle'oTa"^^^^ ic 

sphenc particle composition). “ experiment S230 (magneto- 


The second and thiVH pva^ 

“ “k' Pholograplu of the Crm™tToto„St°Br“f 

uistramciiB lor experiments S201 (extreme ulir*^ t *° P'"'>'l“"- The 

Paph eontatninxtion experiment) were need for ? 

ff-my/nltmvioJet solar photography) wt^f „ ! ? ^-P^™ S020 

EV^As. Other tasks performed 5u n^he x?°” 
rtplaeing film magarines in the ATM camera? ' " »f 

™« S082A (extreme nitraviolet ‘l^Z ’ '’T"* °P® *' «< «peri- 

filter wheel on experiL^r^M (rr?sJl'?“'’''x "P^wlST 

expenment SI49 (particle collectionri? ™'ri«ving 
--EVAwashhonmh,min„::’hrE3t?r29lJ^^^^^^^ of thf 

1974. The main ask, 

to the ground for an.alysis, and deployment of 

--..efntnre.Thedt.rati:„E:Er^--r-^ 

pt,”rrrEfo:?rg:z“ - --- •» .h. pte»,h. 


Category 

Medical experim^iii^ 
Apollo telc.sc«pe mount 
experiments (solar) 
Earth resources experi- 
•nent package 
f^orollary c.\pcriments 
Comet Kohoutek 
Miscellaneous 
Total 


Allocation, Man-hours 


, Adjusted as of 

Vi,i,Day 28 Ac„„| 


476 

422 

397 

509 

417 

466 

295 

297 

282 

no 

1969 

242 

245 

231 

58 

1615 

275 

235 

204 

96 

1673 
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26 
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R. V. Gordon, JSC PAO, “Skylab 4 Events/* February 1974; JSC, Skylab Mission 
Report Third Visits JSC-08963, July 1974, pp. 2-1, 2-2, and 14-2. 

The Skylab rescue mission hardware was on schedule, and vehicle rollout to the 
launch complex was scheduled for 5 December. Integrated testing and the flight 
readiness test would be completed about 13 December. Flight readiness review 
dates would only be established if a rescue launch was required. 

JSC, “Skylab Program Office Weekly Activity Report/* 26 November 1973. 

The Skylab Program organization at NASA Hq would be disestablished in March 
1974. A small group headed by T. E. Hanes would be retained to manage the 
Skylab closeout. In addition to administering the equipment disposition and 
contract closeout activities, the group would lead and coordinate activities related 
to exploitation of the Skylab experience and scientific data, Arnold D. Aldrich 
was named Skylab Program Manager, and W. D. Wolhart would handle these 
special activities on a full-time basis at JSC. By mid-February, MSFC would also 
name an individual for the Skylab follow-on activities. In the meantime, 
Leland F. Bclcw would be the Center contact. 

Letters, Dale D. Myers, NASA Hq, to Center Directors of JSC, KSC, and MSFC, 
“Close Out of the Skylab Program,” 10 December 1973; Rocco A. Petrone, MSFC, 
to Dale D. Myers, same subject, 21 December 1973; memorandum, G. S. Lunney, 

JSC, to JSC Director, same subject, 2 January 1974. 

A message of congratulation was read to the Skylab 4 crewmen for the tremendous 
contribution they were making toward procuring medical data which would 
provide the base for future manned space flight efforts. The message was from 
the Soviet delegation of the joint working group in space biology and medicine. 

Letter, John H. Disher, NASA Hq, to JSC Skylab Program Manager, “Message to 
SL-4 Crew/* 10 December 1973. 

The AP’s top 1973 news stories in order of balloting were Watergate, Spiro T. 
Agnew, end of war in Vietnam and the release of prisoners, the economy, war in 
the Middle East, the energy crisis, the slaying of 27 boys in Texas, the death of 
Lyndon B. Johnson, Skylab space missions, the revolution in Chile. 

Memorandum, W. W, Pomeroy, NASA Hq, to Associate Administrator for Manned 
Space Flight, “Editors Rank Skylab in Top 10 News Stories/* 26 December 1973. 

Flexibility to conduct a second Skylab mission would be retained until such time 
as NASA planning for the FY 1976 budget was complete. To accomplish this, 
NASA issued the following guidelines, 

• Launch umbilical tower 2 would be retained in its present status for 
possible Skylab usage until a decision was made to prepare for a Skylab launch 
or to begin modifications for the Shuttle Program. 
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stuck S054 (X-ray spectographic telescope) door; camcra/magaane chan^ut 
for S082 (extreme ultraviolet spectograph/spectrohehograph) ; cleanng parUclc 
contamination from S052 (white light coronograph) occulting disc. 

. The second manned crew installed a larger thermal canopy over the 

parasol which provided long-duration thermal protection. 

. A complex package of six anciliary rate gyros was installed and provided 

the needed control and backup control for pointing the Skylab. ^ . 

. The second crew pressurized and flushed the condensate Unes and replaced 
the discharge assembly, thus allowing normal use of the waste water management 

systein. inspection and checkout of the primary and secondary airlock 

module coolant loops to determine internal and external leakage were performed, 

and the information rela yed to ground for analysis. 

• The second crew also corrected significant experiment and support syst^ 
problems, such as jettisoning T027 (Apollo telescope mount contaminaUon 
measurement) to clear scientific airlock; replacing video tape recorder and tele- 
printer head; removing ATM door ramps to improve door closing and openmg 
operations; repairing Mark I exerciser; correcting S019 (ultra^olet stellar as^n- 
omy) articulating mirror malfunction; checking out and restoring lighttng control, 
replacing defective TV monitor and TV power cable; replacing and analy^g 
causes for malfunctioning tape recorders; correcting seal problem on M092 
(inflight lower body negative pres.sure) ; hooking up the sensor down-hnk a 
cable assembly of the Earth resources experiment package for ground data 

^ • The third manned crew successfully replaced the malfunctioning ATM 
TV monitor in the control and display panel; this restored the display redundancy 

critical for effective ATM rolar pointing. 

• -Hic depleted primary AM coolant loop was rcscrviced using the coolanol 

servicing kit resupplied on SL-4, thus ensuring continued thermal control of a 

critical internal Skylab system. .1 j « n .1 u.. 

• An automatic timer and cable was launched on SL-4 and installed by the 

crew on the ATM control and display console to correct erratic exposure oper- 
ation resulting in loss of S082 experiment data. 

• During SL4^ EVA 1 , the crew performed troubleshooting and ins^ctioii 
of the inoperative SI 93 (microwave radiometer/scatterometer radar and altimeter) 
antenna and then locked the antenna in a position to permit continued operation 

of the experiment. — . 

• The crew installed replacement units and provided an operational IV 

system to replace the system which failed on SL— 3. ^ 

• The “noisy” multispectral scanner hardware was corrected by replacing a 
modified attenuator and the sensitivity of the unit was improved by installing 

a modified detector/coder/dewar assembly. ... 

• Successful crew investigation and rerouting of dumpline into the waste 

tank eliminated venting disturbances. . v u u- j 

• Other experiment and support system repairs performed by the tturd crew 

included installation of liquid crystal thermometers for rate gyro 6-pack assem- 
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bly; replacement of S009 (nuclea»* emulsion) drive assembly; pinning of H-alpha 
door; SO 19 (ultraviolet stellar astronomy) mirror replacement; S190B (Earth 
terrain camera) clock replacement. 

Attachment to letter, William C. Schneider, NASA Hq, to Leland F, Belew, MSFC, 
Kenneth S. Klcinknecht and P. J. Weitz, JSC, “AIAA Skylab Session,” 21 January 
1974. 


Although the probability was remote that the Apollo-Soyuz Test Project mission 
would not be flown, it was necessary that an alternate mission plan be considered. 
Minimum effort and funds would be expended in the planning and preparation 
of an alternate mission. 

Letter, C. M. Lee, NASA Hq, to JSC and MSFC, “ASTP Alternate Mission Revisit 
to Skylab,” 25 January 1974. 


Skylab 4 was undocked from the OWS at 6:28 a.m. EDT. A flyaround inspec- 
tion of the OWS was made following undocking. Because of a suspected 
propellant leak on command module reaction control system 2, reentry was made 
using only system 1 . The command module landed in the Pacific Ocean 289 km 
southwest of San Diego at 1 1 : 16:54 a.ni. EDT, for a flight duration of 84 days 
1 hour 15 minutes 31 seconds. The crew and the command module were taken 
aboard the recovery ship U.S.S. New Orleans approximately 40 minutes after 
larking. 

With the third-visit landing, the Skylab mission was concluded. The total flight 
time for the three visits was 4117 hours 14 minutes 24 seconds, during which the 
nine crewmen accrued a total of 12 351 hours 43 minutes 12 seconds of flight 
time. 

JSC, Skylab Mission Report Third Visit, JSC-08963, July 1974, p. 2-3; R. V. Gordon, 

JSC PAO, “Skylab 4 Events,” February 1974. 


KSC was directed to discontinue plans for the Skylab rescue capability and to 
move the rescue vehicle (SA- 209 and CSM-119) back to the Vehicle Assembly 
Building. Upon complet’on of this action, Headquarters responsibility for the 
SA-209 and CSM-119 would be transferred to the Program Director of the 
Apollo-Soyuz Test Program, 

TWX, Director, Skylab Program to KSC, MSFC, and JSC, “Skylab Rescue Vehicle,’* 

8 February 1974. 


Following the successful completion of the Skylab Program, a series of news con- 
ferences was conducted at the Skylab News Center, JSC. 

Skylab 4 Poit-Recovcry Briefing, 8 February 1974; Skylab Review, 21 February 1974; 
Skylab 4 Post-Flight Crew Conference, 22 February 1974. 
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(2) Reactivate the OWS ,„3 command and service module) 

„ ; f ‘"f 

extending to 84 days »' *' 

; 2S”n dt: I:: “ 

intravehicular and extravehicular activity. 

346 


PART ni; SKYLAB DEVELOPMENT AND OPERATIONS 


(3) Obtain medical data on the crew for use in extending the duration of 
manned space flights. 

Obtain medical data for determining the effects on the crew which 
result from a nominal space flight duration of 56 days, with the option of 
extending to 84 days. 

• Obtain medical data for determining if a subsequent manned space 
flight mission of greater duration than the duration of the Skylab third 
manned visit is feasible and advisable, 

(4) Perform inflight experiments. 

• Obtain Apollo telescope mount solar astronomy data for continuing 
and extending solar studies beyond the limits of Earth-based observations. 

Obtain Earth resources data for continuing and extending multisensor 
observation of the Earth from the low-Earth orbit. 

• Perform the assigned scientific, engineering, technology, and Depart- 
ment of Defense experiments. 

• Obtam Comet Kohoutek data for continuing and extending studies of 
comets beyond the limits of Earth-based observations. 

Although not a primary mission objective, a requirement to obtain documentary 
motion picture photography of scenes to present the human story of Skylab was 
considered to be of paramount importance. Approximately 95 percent of the 
desired crew activity scenes were filmed. 

The planned requirements were not only met, but were exceeded for almost all 
experiments. Also noteworthy were the large number of candidate experiments 
that were performed. 

There were 70 telecasts during the third visit. Premission planning for this visit 
made provisions for the development of telecast requirements which would be 
bmely and would not be a repeat of .subjects covered during the earlier two visits. 
This planning included three flight-data-file “TV Numbers” which were for 
television on a variety of subjects. These numbers were TV-77, general purpose 
intravehicular activity telecast; TV-78, Earth surface features; and TV-81 
optional crew day-off activities. 


The following conclusions were based on Skylab 4 activities. 

(1) Crew refresher exercises in spacecraft operational modes and procedures 
were needed during long missions. 

(2) Free and open discussions between the crew and the ground were neces- 
sary for the expeditious resolution of sensitive issues. When one party felt that the 
other was at fault, the existence of a routine private communications loop, less 
restricted use of existing capabilities for special private conferences, or less reluc- 
tance on the part of the crew and the ground to use the open communications 
loop to critically discuss .sensitive subjects would expedite the solution of problems. 
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JSC, Skylab Mission Report Third Visit. JSC-08963, July 1974, pp. 13-1, 13-2, and 
17-1. 


MSFC published a summary of Skylab operations: 

The Skylab space station was launched May 14, 1973, from the NASA Kenedy 
Space Center by a ht.ge Saturn V launch vehicle, the Moon rocket of the Apollo 
Space Program. Sixty-three seconds after lift-off the meteoroid shield-designed 
also to shade Skylab’.s workshop— deployed inadvertently. It was torn from the 
space station by atmospheric drag. This event and its effects started a ten-day 
period in which Skylab was beset with problems that had to be conquered before 
the space station would be safe and habitable for the three manned penods of 
its planned eight-month mission. 


When the meteoroid shield ripped loose it disturbed the mounting of workshop 
solar array “wing” two and caused it to partially deploy. The exhaust plume of 
the second stage retro-rockets impacted the partially deployed solar array and 
literally blew it into space. Also, a strap of debris from the meteoroid shield over- 
lapped solar array "wing” number one such that when the programmed deploy- 
ment signal occurred, wing number one was held in a slightly opened position 
where it was able to generate virtually no power. 


In the meantime, the space station had achieved a near-circular orbit at the 
desired altitude of 435 kilometers. ... All other major functions including payload 
shroud jettison, deployment of the Apollo Telescope Mount (Skylab s solar ob- 
servatory) and its solar arrays, and pressurization of the space station occurred as 
planned. 

Scientists, engineers, astronauts and management personnel at the NASA Marshall 
Space Flight Center and elsewhere worked throughout the first ten-day period of 
Skylab’s flight to devise the means for its rescue. Simultaneously, Skylab— seriously 
overheating— was maneuvered through varying nose-up attitudes that would 
best maintain an acceptable ‘holding’ condition. During that ten-day period and 
for some time thereafter, the space station operated on less than half of its designed 
electrical system which, in the partially nose-up attitudes, was generating power 
at reduced efficiency. The optimum condition that maintained the most favorable 
balance between Skylab temperatures and its power generation capability occurred 
at approximately 50 degrees nose-up. 


Skylab’s achievements are a summary of the accomplishments of many ground- 
based persons as well as its three separate crews who were launched in Apollo-type 
command modules by Saturn IB vehicles on May 25, July 28 and November 16, 
1973. In Skylab, both the man-hours in space and the man-hours spent m per- 
formance of extravehicular activities (EVA) under zero-gravity conditions ex- 
ceeded the combined totals of all the world’s previous space flights. 

By deploying the parasol-typc sun shield through Skyiab’s solar scientific airlock 
and later releasing workshop solar array wing number one during EVA, the first 
crew made the remainder of the mission possible. The second crew, also during 
EVA, erected another sun shield, a twin-pole device. 

The effectiveness of Skylab crews exceeded expectations, especially in their ability 
to perform complex repair tasks. They demonstrated excellent mobility, both in- 
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ternal and external to the space station, showing man to be a positive asset in 
conducting research from space. By selecting and photographing tLgets of onpor- 

IxLmel I, I, T crewmen were instrumental in attaining 

extremely high quality solar and Earth oriented data. ® 

All three crews demonstrated their technical skills for scientific, operational and 
maintenance functions. Their manual control of the .space station, their fine pointing 

manned^ J 

The capabiHty to conduct longer manned missions was conclusively demonstrated 
in Skylab, first by the crew returning from the 28 day mission and, more force- 
fully, by the good health and physical condition of the second and thud Skylab 
creus, wto stayed in weightless space for 59 and 84 days respectively. Also^re- 

rKcTi^c' “ P“ 

During their time in space all three crews exceeded the operational and experi- 

radd r‘‘“‘TTi’'''*‘^ P'«" schedule. 

In addition, the third crew performed a number of sightings of Comet Kohnutek 
which were not initially scheduled. Jvonnutek 

Prior to departure the third crew gathered samples of hardware, food in.- other 
general items which they placed in a bag and left in the Multiple Docking Adapter 

the samples of long term storage in the space environment. 

^^rined some engineering tests of certain Skylab s-stem^ test, that ground 

wdl help to determine causes of failures dunng the mission and to obtain data on 
long term degradation of space systems. 

Ujwn completion of the engineering tests, Skylab as positioned into a stable 
attitude and systems were shut down. 

It IS expected that Skylab will remain in orbit about eight years before entering 
the atmosphere and burning up. ^ 

MSFC PAD, “Skylab Operatiouj Summary,” 21 February 1974. 

A group of five documents was prepared by NASA Hq, JSC, KSC. and MSFC 
These leswns learned” documents reflected the experience gained in the Skylab 
Pro^am. They were intended for use by personnel in other programs who 4re 
fa^iar with the disciplines covered. The “lessons learned” documents are 
subjecuve and represent individual opinions; therefore, they should not be 
considered as official NASA policies or statements of NASA positions. 

Letter, William C. Schneidrr, NASA Hq. to MSFC, JSC, and KSC. “Foreword for 
Letioni Learned Oocumenu/' 25 February 1974. 
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Following completion of the Skylab Program, NASA Hq was reorganized. The 
primary objectives of the reorganization were to consolidate under one senior line 
official — the Associate Administrator — the planning and direction of ffie Agency s 
research and development plans; and to consolidate under one senior line official 
the Associate Administrator for Center Operations— the overall planning and 
direction of Center operations. 

N.\SA Hq Special Announcement, “NASA Reorganization and Key Personnel Ap- 
pointments,” 5 March 1974. 

A JSC report summarized Comet Kohoutek’s relationship to Skylab operations: 

Comet Kohoutek was discovered on 7 March 1973, three months before ffie 
launch of Skylab. Preliminary feasibility studies indicated that there was insuffi- 
cient time to send a suitably instrumented spacecraft to observe and study the 
comet at close lange. However, other manned and unmanned observations were 
planned, with the most significant to occur during the third visit to the orbiting 
Skylab. Unique scientific data were obtained by the third-visit crew, helping to 
make Kohoutek the most comprehensively studied comet in history. 

Because of the flexibility and adaptability of the manned program, changes were 
made in the plans for the third visit to Skylab to take additional equipment and 
film for ultra! i;)let and visible light photography. Imagery data were obtained 
with the extreme ultraviolet clectronographic camera experiment (S201K) using 
special film, and a synoptic history of the comet was made with a senes 
light photographs in the Kohoutek photometric photography experiment (S233K). 
Existing Apollo telescope mount experiments such as white light coronagrap 
(SOS 2), X-ray spectographic telescope (S054), and extreme ultraviolet and X-ray 
telescopes (S056) were used to obtain white light photographs and date in the 
ultraviolet and X-ray spectra. 

Man was not only an invaluable scientific observer studying a comet for t!w fii^ 
time from outside the Earth’s atmosphere, he was required as a necessary link m 
the chain of experiment operations. The Skylab crew sketched the form of the 
comet and described various colorations, characteristics, and light intensiUes. 
Some of the preliminary findings were 

• A sunward spike was discovered that was formed of relatively heavy 

particles released earlier from the comet, 

• The tail was observed to be extremely long as the comet pa^d around the 
Sun, and water vapor within the tall was identified. An increase in the intensity 
of violet color in the tail was described as the comet went away from the Sun. 

As date from the third-visit crew's unique observations and measurements were 
analyzed and correlated with data from unmanned probes and ground obsente- 
tories, scientific knowledge of th composition and behavior of comets would be 
increased substantially. 
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Findings showed that longer duration visits would be unconstrained. However, 
longer missions would require periodic medical monitoring. 

(3) The food and sleep requirements on a long-duration mission were essen- 
tially the same as they were on Earth. However, the maintenance of an cstab- 
lished level of physical conditioning required more programmed exercise. 

(4) Long-duration flight with sophisticated multidiscipline experiments gen- 
erated large amounts of data which required ground data handling and processing 

capabilities. e • • ♦ 

(5) The Skylab Program demonstrated the advantage of scientist astronauts 

in providing effective data discrimination and optimization. 

(6) Complex scientific experiments should be designed for automatic x- 
quencing to allow a more effective utilization of the scientist astronaut’s time for 
making additional data observations, performing analyses, and applying scientific 
evaluation. 

Practical Applications 

Objective: To perfect sensing and data systems for use in agriculture, forestry, 
oceanography, geography, geology, water and land management, communica- 
tions, ecology and pollution-control applications, and to develop zero-g manufac- 
turing techniques. 

(1) The practical application aspects of the Skylab program would require 
many months of data evaluation. There were no immediate results which would 
support the accomplishment for this objective. However, the data were of good 
quality, and preliminary evaluations indicated that practical applications would 
be possible in a number of the objective areas. One set of examples suggests tliat 
a mineral deposit has been identified near Ely. Nevada-that existing data can be 
used for an inventory of vegetation patterns; that tlie Puerto Rican trench deprcfr 
sion is about 20 m below the mean sea lc\ cl; and that pollution has been identified 
off the coast of Puerto Rico, .\nother pair of examples from the visual observa- 
tions experiment indicated that new data on red plankton bloom occurrence 
might be of aid to biologists and that repetitive observations and photographs of 
snow accumulation and melting phenomenon would be useful in the study of 
snow as a water resource. 

(2) The success of the visual observations experiment indicated the usctulness 
of a well-designed visual observations facility. 

Durability of Man and Systems in Space 

Objective: To determine the ability of man, materials, and systems to maintain 
their qualities and capabilities during a long period of weightlessness. 

(1) The Skylab Program demonstrated that man could perform major 
assembly and repair ta.sks in the zero-g environment. Extravehicular crewmen 
could perform any task that could be accomplished in a onc-g suited environmrat, 
provided that he was furnished with adequate tools, restraints, and traimng. The 
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desi^ of spaceci^t could take full advantage of man’s capability to modify and 
repair. The ability of the crew to correct systems difficulties by actions such as 
deployment of the Workshop solar array, deployment of the parasol and sunshield, 
replacement of the rate gyro package, reservicing the coolanol loop, and repairing 
the telepnnter allowed the Skylab Program to exceed the original expectations. 

(2) The Skylab Program reconfirmed that the timeline should indicate a 
relaxed activity at the beginning of the mission to allow the crew to become 
acclimated to the zero-g environment. 


Spaceflight Effectiveness and Economy 

Objective: To improve spaceflight technology in order to develop long-duiation 
mission capability for future programs. 

(1) The habitability provisions were satisfactory and contributed to the 
abiUty of the crew to work effectively for visits of these durations, and no factors 
were identified to preclude longer duration missions. 

(2) The skills learned in underwater training were almost identical to the 
skills used in actual performance of tasks during an EVA, and, if instructions 
were adequate, a crewman would be able to perform extravehicular tg^k s for 
which he had not specifically trained. Tasks were somewhat easier to perform in 
zero-g than in underwater training. 

(3) Ordinary handtools could be used effectively in place of special tools in 
the zero-g environment when making repairs and adjustments. 

(4) Skylab revisits provided the opportunity to correct hardware problems, 
restructure objectives, and revise replaceable commodities based on actual experi- 
cnce from the first two mannings. 

(5) Regularly scheduled meetings of individuals involved in experiments 
planning who were managed by the program scientists were effective in optimizing 
^lence data return. Additionally, the Skylab flight planning system allowed day- 
by-day planning with the flexibility to make adjustments to take advantage of 
special opportunities noted by the crew and ground personnel. 

(6) Direct communication during the visits between the crew and some of 
the experimenters proved to be a useful capability. However, the limited air-to- 

p^und coverage and the need to devote most of this time to operational subjects 
left little time for scientific discussions. 

General 

A number of noteworthy program conclusions that were not directly applicable to 
program objectives were 

“ required for a productive visual observations pro- 
gram. The crew must be trained, premission, to recognize selected areas on the 
pound and to discriminate important features within the areas. This requires 
that adequate maps and charts be provided for orientation in flight. In addition 
several passes over a selected .site arc required for the attainment of complete data! 


1974 

July 


353 


skylab: a chronology 


1974 

July 


Augutt 

20-22 


(2) All work areas within a spacecraft should be provided with a suitably 
designed work station, with minimal considerations being adequate restraint 
(triangular grid floor or otherwise), workbench (where required), stowage pro- 
visions, writing provisions, and an orientation scheme that is indigenous to the 
local work area. 

(3) Relocatable handholds should be provided to allow the crew to tailor 
work and maneuvering areas in order to optimize inflight activities. 

(4) To optimize time utilization, data station design required automatic 
recording of a number of parameters which had been reported by crews in 
previous programs. Examples were pointing position of experiment hardware, 
frame count of recording instruments, f-stop position, shutter speed, magazine or 
cassette being used, lens identification, and filter identification, 

(5) Planning should allow for crew judgment in order to obtsdn data over 
Earth sites that may be obscured by cloud cover. 

(6) A shopping list would provide crews with a selection of activities to 
utilize when not constrained by the timeline. 

(7) The existence of a dedicated communications loop for the program 
scientist would have been a significant asset. 

(8) Underwater simulations and training were not required for intravehic- 
ular tasks unless a crewman was to be operating in a pressure suit. 

JSC, Skylab Mission Report Third Visit, JSC -08963, July 1974, pp. 17-1 through 

17-5. 


NASA Administrator James C, 
Fletcher, left, explains the 
formation of the indium-anti- 
monide crystal manufactured 
in space in Skylab’s multi- 
purpose furnace to President 
Gerald R. Ford at the White 
House on 4 November 1974. 
At the President’s left is 
Howard W. Johnson, Chair- 
man of the Massachusetts In- 
stitute of Technology, 



The American Astronautical Society and the University of Southern California’s 
Institute of Safety and System Management hosted a symposium on the definitive 
results of the entire Skylab Program. Among the subjects covered were the 
program’s evolution, accomplishments, and application to future NASA pro- 
grams; design and test philosophy; payload integration; living and working in 
space; Skylab management; crew views of Skylab; flight operations; Skylab to 
Shuttle (lessons learned); student science program; launch operations and Skylab 
technology ; and science demonstrations. 
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APPENDIX 1— GLOSSARY OF 
ABBREVIATIONS AND ACRONYMS 


AAP 

AAPO 

AES 

ALEM 

AM 

ATM 

BcV 

BTU 

cc 

CM 

cm 

CSM 

cu m 

DOD 

EREP 

ERTS 

EVA 

op 

fps 

g 

gal 

GSFC 

HF 

hr, hrs 

HSCC 

in 

lU 

JPL 

JSC 

kg 

km 

KSC 

LaRC 

LC 

LEM 

LM 

m 

Me 

MDA 

MeV 

MHz 


Apollo Applications Program 

ApoUo Applications Program Office 

Apollo Extension System 

Apollo Lunar Exploration Mission 

airlock module 

Apollo telescope mount 

Billion electron volts 

British thermal unit 

degrees Celcius (centigrade) 

cubic centimeter(s) 

command module 

centimeter 

command and service modules 
cubic meter(s) 

Department of Defense 

Earth resources experiments package 

Earth Resources Technology Satellite 

extravehicular activity 

degrees Fahrenheit 

foot (feet) per second 

gram; gravity 

gallon 

Goddard Space Flight Center 
high frequency 
hour, hours 

Historical Services and Consultants Company 
inch(es) 

instrument unit 

Jet Propulsion Laboratory 

Johnson Space Center 

kilogram(s) 

kilometer(s) 

Kennedy Space Center 
Langley Research Center 
Launch Complex 
lunar excursion module 
lunar module 
meter (s) 
megacycles 

multiple docking adapter 
million electron volts 
megahertz (million cycles per second) 




original rAfi^ 
OP POOR QUAUT* 
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mi 

min 

mm 

mo, mos 

MOL 

MORL 

mph 

MSC 

MSFC 

MW 

NASA 

nm 

OMSF 

OSSA 

OWS 

psf 


psia 

RF 

sec 

SEB 

SL 

SLA 

SM 

SSESM 

V 

VKF 

W 

wk 

yd 

yr 


mile(s) 

minute(s) 

milUmctcr(s) 

month, months 

Manned Orbiting laboratory 

Manned Orbital Research Laboratory 

(la.er JSC. Sp»c Cen«r) 

Marshall Space Flight Center 

-0 SP- Adn.WsU.tfon 

nautical mile(s) 

Office of Manned Space Flight 
Office of Space Sciences and Apphcation 

Orbital Workshop 
pounds per square foot 
pounds per square inch 
pounds per square inch absolute 

radio frequency 
second(s) 

Source Evaluation Board 
Skylab 

spacecraft lunar module adapter 

service nrodulc . 

spent-stage experimental support module 

volt(s) 

very high frequency 

watt(s) 

week 

yard 

year 
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APPENDIX 3— SKYLAB EXPERIMENTS 


The Skylab Program, as the name implies, was designed to conduct expr -Tients from a 
a oratory m space. The experiments were categorized as solar physics. Earth resources, life 
sciences, material Kience, the Skylab student project, and other experiments. While final data 
analysis on some of the experiments will require a num' .r of years to accomplish, the prelim- 
inary results indicate that the Skylab Program has been man’s most successful adventure in 
space to date. Some of the spec ie results obtained for each of the groups listed above follow. 

In the area of solar physics, it ;vas discoveied that Sun flares occurred more often than 
expected and that the mechanisms at work in the different flares could vary signifleantiy in 
nature. Mysterious bright spots were dis'-overed: as many as 1500 emerged on the Sun each 
day with an average lifetime of eight hours. Recently discovered coronal holes were found to 
^ persistent for several solar rotations and were a major source of solar wind. Solar observa- 
tion will enhance future weather forecasting. The amount and quality of the Apollo telescope 
mourn coronal data exceeded the total corona ohce. v«tions since the beginning of civilizatio^n 
and indicated that the notion of homogenous corona is a fiction. 

In the Earth resources experiments, an important mineral deposit in Nevada, geothermal 

L** •!! States, and a previously unknown .ivc. in South America 

we.e identified. Several areas of citrus fruit fly infestation on the Mexican side of the Rio Grande 
were a so identified. The use of Earth resources program imagery for inventory of vegetation 
patterns regional planning and land use in urbanized areas, and city census updating was 
demonstrated. Also demonstrated was the use of remote sensing for snow mapping, sea state 
fn JT" charting. In addition, the Earth resources experiments exam- 

and DeUa^°'^*^ terminat on of hurricanes using information gathered for Ava, Christine, 

conducted in the category of life sciences, based on preliminary anal- 
yse., of data, findings indicated that man has demonstrated his ability to adjust to space environ- 
ment md to perform useful and valuable work in space. There was evidence that space afTected 
some physiological processes, particularly the cardiovascular system. To munteracc this space 
crews were advised to maintain adequate physiological reserve by ensuring that they perfo-med 

f '"^i'-tained a regular schedule of 
va«r T individuals varied, there seemed to be a general physiological, including cardio- 

rv^i^soT Th ’'P^^ a period of time. Apparently during the first few 

^ I extremely resistant to the efifect. of motion and maintained 

this state as long as they remained in space. There was also evidence that fluid and plasma 
volume changes leveled off in time and during recovery after the flights. 

were^^rnll!/?’^ of material science, 54 experiment cartridges comprising 18 experiment sets 
were processed in the niultipurpose electric furnace. These sets are in le process of being anal- 

fr th *^^*1 metals-melting experiment and four brazed-tube specu ens 

• e exothermic heating experiment were successfully processed in space. Thev, too ar** 
^ing analyzed^ Preliminary findings showed a higher quality and uniformity in' die metal 

hieh^in'n rt crystals grown were 

crystal giowth phenomena occurred. Welding in 
p ce of aluminum alloy, stainless steel, and pure tantalum presented no problems The ability 
to braze tubes and sleeye joints whose gaps exceeded those required on Earth for a good braze 
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band was successfully demonstrated. Large, perfect, single crystals of indium-antimonide were 
grov n to a perfection not attainable on Earth. The production technology acquired from this 
wperiment may now be applied to other semiconductors. Larger, more perfect crystals should 
drastically widen the use of the semiconductor in many applications. One large, single crystal 

of germanium selenide was grown . which was more than a one order of magnitude increase in 
Size over Earth-grown crystals. 

Data were obtained for all of the 19 Skylab student project experiments that were selected 
or night. The data were poor or marginal in three cases; however, it is expected that several of 
the expieriments will have significant scientific value. 

Among the findings obtained from the category designated “other experiments” were the 
following. The crew activity/maintenance study showed that the full range of human dexterity 
can be taken advantage of in designing hardware and tasks for future space progr ams Crew 
comments on the habitability /crew quarters experiment indicated that the Orbital Workshop 
design was satisfactory. No significant contamination was found on the sample array exposed 
from the antisolar airlock for 46 hours. However, significant contamination was found on the 
thermal control samples that were continuously exposed during the first mission. Lfltrav'olet 
stellar astronomy experiments obtained scientific data on hot star, in two-thirds of the Milky 
Way region. Scientific observations were made of Comet Kohoutek with 11 different sensors 
or telescopes, covering spectral ranges down to the X-ray region. Color pictures of significant 
scientific value of the aurora and airglow were obtained by ultraviolet airglow horizon photog- 
raphy. Astron.auts were able to observe and photograph barium clouds released by rocket 
launchings. 

In the remaining pages of this appendix the individual experiments; their purpose; the 
Principal Investigators; and, where known, the results of the experiments are shown. 


Geographic separation of major MSFC Skylab contractors demancxl accurately 
documented interface definitions. 







hmiuwcM 

MSM 


““ 4 “^ mamnmMmu 

Mill HtU WH 


mi mi Mill MW 

Ml?l MMIMimiMHI 
StIKA) lilt Sin Slu 
MIM PM Mtn Mill 


Ck>ordinating the diverse Skylab Principal Investigators’ experiment requirements 
was a major integration challenge. 


MEDICAL EXPERIMENTS 


M 077 Minera’ Balance 



Object- .efine and quantitatively assess body gains and losses of biochemical constit- 
uents, particularly v/at^r, calcium, and nitrogen. 

Principal Investigator— G. D. Whedon, National Institutes of Health, Bethcsda, Maryland 

Coinvestigator— L. Lutwak, Veterans Administration Hospital, Sepulveda, California 

Flight Assignment — SL-1/2, SL-3, SL-4 

Results: Significant losses of nitrogen and phosphoru.* occurred, associated with observed 
reduction in muscle rissue. Both mineral and muscle losses occurred despite vigorous 
exercise regimes in flight. Conclusion was that, unless protective measures ran be de- 
veloped, capable musculoskeletal function is likely to be impaired in space flights of 
one and one-half to three years duration, for example, to Mars. 


M 073 Bio-Assay of Body Fluids 


elective: Assess the effect of space flight on enJocnne-metabolic .^unctions including 
nuid and electrolyte control mechanisms. 

Principal Investigator— C. S. Leach, NASA-JSC 

Principal Coordinating Scientist— P. C. Rambaut, NASA-JSC 




APPENDIX 3 


Flight Assignment— SL-1 / 2 , SL-3, SL -4 

Results: Significant biochemical changes were observed which varied in magnitude and 
direcnon but which disappeared shortly after return in Earth. In areas concerned with 
the motabohsm of bone mineral, protein, and -arbohydrates unstable states appeared 
to pereist, and it was unclear in which form the ultimate sequelae of these changes would 
manifest themselves after flights of much longer duration. 


M 074 Specimen Mass Measurement 

Objective: Demonstrate the feasibility of mass measurement without gravity. 

Principal Investigator— W. E. Thornton, NASA-JSC 

Coinvestigator-J. W. Ord, USAF Medical Corps. Clark AFB, Philippine Islands 
Hardware Contractor Southwest Research Institute, San Antonio, Texas 
Flight Assignment— Sl-1 ;2, SL-3, SL-4 

Results: A new instrument for inflight space operations and research was demonstrated- 
previous unproven mechanisms of weight losses under weightlessness were demonstrated; 
and It was proven that the human body, properly fed, could sustain long duration mis- 
sions without significant obligatory mass loss. 


M 078 Bone Mineral Measurement 

Objective: Determine the occurrence of bone mineral changes due to weightlessness. 
Principal Investigator— J. M. Vogel, University of California School of Medicine, Davis, 

( .alifnrnio ’ ’ 


Coinvestigator— M. W. Whittle, NASA-JSC 

Hardware Contractor— U.S. Public Health Service, San Francisco, California 

Flight Assignment — SL-1 /2, SL-3, SL-4 

Results: It was concluded that mineral losses occurred from the bones of the lower extremi- 
ues during missions of up to 84 days. In general, they followed the loss patterns observed 
in a hetci ogeneous group of bed-resied subjects. 

M 092 Lower Body Negative Pressure 

Objective: Evaluate space flight cardiova.scular deconditioning and establish the time 
course of any changes. 

Principal Investigator— R. L. Johnson, NASA-JSC 

Coinvestigator-J. W. Ord, USAF Medical Corps, Clark AFB, Philippine Islands 

Hardware Contractors — MSFC; Martin Marietta Aerospace Corp., Denvei 

Flight A.ssignment— SL-1 /2, SL-3, SL-4 

Results: Vectorcardiograms taken on all crewmen during the Skylib flights showed several 
consistent changes apparently related to space fliglit. Principa' among the changes were 
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temporal intervals, vector magnitudes and their orientations, and certain derived param- 
eters, presumably resulting from altered autonomic neutral inputs upon the myocardial 
conduction system or major fluid shifts known to have occurred in flight. 

All observed measurements were well within accepted limits of normal and were con- 
sidered to represent adaptative phenomena r*. ..ler than pathological conditions. 

M 093 Vectorcardiogram 

Objective; Measure electrocardiographic potentials during weightlessness and the imme- 
diate postflight period to obtain precise measurements of the changes that occur. 

Principal Investigator— N. W. Allebach, U.S. Naval Aerospace Medical Institute, Pensa- 
cola, Florida 

Ckiinvestigator— R. F. Smith, School of Medicine, Vanderbilt University, Nashville, 
Tennessee 

Hardware Contractors— MSFC; Martin Marietta’ Aerospace Corp., Denver 
Flight Assignment — SL-1 /2, SL-3, SL-4 

Results; No adverse electrocardiographic changes, with the exception of arrhythmias, 
were observed in the Skylab crews that could be attributed to long exposure to a weight- 
less environment or to the other stresses of extended space flight. There was no evidence 
of myocardial ischemia or changes in the electrocardiogram that would suggest vaso- 
regulatory abnormalities. The vectorcardiographic techniques utilized in the experiment 
added both accuracy and precision to the data acquisition and facilitated both scientific 
investigation and monitoring for crew safety. 

M in Cytogenetic Studies oj Blood 

Objective; Determine pre- and postflight chromosome aberration frequencies in the pe- 
ripheral blood leukocytes of the Skylab crew members and provide in-vivo radiation 

dosimetry. 

Principal Investigator— L. H. Lockhart, University of Texas Medical Branch, Galveston, 
'T'cxas 

Coinvestigator-P. C. Gooch, Brown & Root-Northrop, Houston, Texas 
Flight Assignment — SL-1 /2, SL-3, SL-4 

Results; Data did not seem to indicate that the external si ur^es of radiation to which the 
crews had been exposed in orbit resulted in any aberration increase. 

M 112 Man's Immunity In-vitro Aspects 

Objective: Assay changes in hum^^Tal and celluiar immunity as reflected by the concen- 
trations of plasma and blood cell proteins, blastoid transformations, and synthesis of 
ribonucleic (RNA) and desoxy-ribonucleic acids (DNA) by the lymphocytes. 

Principal Investigator— S. E. Ritzmann, University of Texas Medical Branch, Galveston, 
Texas 
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Coi„v..i,a..-W, C. Uvi„, U„ive„i„ Texas Mediea, Beanch, Ga,ves.„„, Texas 

Firj 7°"" Co., Eastern DivWon, St. LonE 

l*uglit Assignment— SL -1 / 2 , SL- 3 , SL -4 

not expectecfto be ofUy SnkTLigiific^ evaluation, were minor and were 

M 113 Blood Volume and Red Cell Life Span 

ce„ Bfe^L. a„d"ed^cT;::iLt„r. “ ^ 

Pr^c^a. .nvetdgator-P. C. Johnson. Jr., Baylor Unive^ity Cohere of Medicine. Houston, 

Co„traeto.-MSFCt McDonnell Douglas Astronautics C., Eastern Division. St. Louis 
Flight Assignment— SL-1 /2, SL-3, SL -4 

d«reasItaS'Sil‘'miTs'‘rcM^^^ that a 

there is a, least a 3<hday JLy“ hTXJ,':'' 'T "®'"' 

7 <xy oeiore the red cell mass begins to reconstitute itseif-. 

M 114 Red Blood Cell Metabolism 

°S"el“™Vlf?x;i“1o1 ” red 

"• ““i School of Medicine, Colnnt- 

Cornraetors-MSFCt McDonnell Douglas Astronautics Co., Eastern Division, St. Louis 
Flight Assignment— SL-1 /2, SL-3, SL -4 

peroxidation, that the bio- 

observ-d in glycolytic intermediates and enzyme cLLTbe""? 

canng roo cell datnage fro„ exposure to the^s^ce fl.ThTenlir^^^^^^ “ 

M 115 Special Hematologic Effects 

Objective: Examine critical physiochemiral hin/td 
nance of a stable equilibrium between certai m *'elative to the mainte- 

of space flight on these parameters. '^e effects 

Principal Investigatoi— S. L. Kimzey, NASA-JSC 

ainvestigatot-C. L. Fischer, Ei,.„hosver Mcoria, Hospital, Pal. SpHngs. California 

an.rae.o.-MSFC; McDonnell Douglas Astronautics Co., Eastern DivEion. St. Louis 
Flight Assignment— SL-1 / 2 , SL-3, SL -4 
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l^rrlo^irnot b. consider^ as prime eandida.es far missiom, e^.ally 
long-duration missions. 

M ,3, ~ F^u.n ^ 

°'^:dtmp"am— , •„ 

P ::"a. .nvesU.am.-A. Oeaybie., Nava, Aemspaee M.ica. Reseamb Labomme.es, 

C^airrMUler, Naval Aeeospaee Medina. Remaeeh Labommrim, Pensaeola, 
Florida, and J. L. Homick, JSC 
Hardware Contractor — ^MSFC 

Flight Assi6nmen.-SL-l/2, SL-3 involves seleeUon. 

;r - - - - "■ 

M 133 Sleep Monitoring 

ObieeUve. Fva.uate quantity and quality of sleep during prolonged space fl.g . 

T D Frost Tr Baylor School of Medicine, Houston, Texas 

Principal J 3^,, JSC. J. O. Salamy, Technology, 

Coinvestigators— W . H. bhumaie, jo3.a, 

Inc., Houston, Texas 

Hanlwaee Contractom-MSFC. MarUn Marietta Aerospace Corp., Denver 
Flight AssiHnment — SL-1 /2, SL-3, SL-4 
Results: The experiment 

over prolonged periods of ume « spa ' and dnrmg^ 
sleep than the adaptation to zero-g. 


PrlTpal InvesUgator-J. F. Kabis, FoMham University. Bronx, Net. York 
Coinvestigatoi-E. J. McLaughlin, NASA-OMSF 

M2 
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Hardware Contractor^MSFC 
Flight Assignment— SL-1/2, SL-3, SL-4 

mission,. Perfomiance adaptation was ve™ Zid ® SMati 

ance deterioration that could be attribuZ to^th ' of perform- 

tiie Skyiab environment. * effects of iong^iuration exposure to 


M 171 Metabolic Activity 

Objective: Evaluate , nan’s metabolic effectiveness in space 
Pnnapal Investigatot-E. L. Michel. NASA-JSC 
Coinvestigatoi--J. A. Rummel, NASA-JSC 
Hardware Contractor — MSFC 
Flight Assignment— SL-1/2, SL-3, SL-4 

ficial effect "°t^onirin\he mtimernc^oU^^^^^ « bene- 

well-being but also in reducing the peiSl of t exercise and 

However, this hypothesis would have^o be otrtrbr^eZ^rZtaX' 

D > 1 .# - _ 


Af 772 Body Mass Measurement 

Srin''T°" •» ^ - 

nncipal Investigaton-W. E. Thornton, NASA-JSC 

Flight Assignment-SL-1/2. SL-3. SL-4"' 

Results: See results ot M074 SnprJmaxr. \jr 

iyiv/‘i j>pecimen Mexss Measurement. 


viionraent fZex!erdXeriZs.''’°' 'ff'etively in weightless en- 

adequale sleep, tork, anTrcmZtion S's aZeS^tial fo 

well-being. ^ essential for maintaining crew health and 

• No untoward physiological changes were noted th^t . , 

»Zmr^bL~r^ 

to 12 months, e.g., bonTdemTnemliz^^^^^^^ in excess of 9 

ORIGINAL PAGE IS 
OP POOR QUALITY 
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• Ideally, further observations of man in Earth orbit for an uninterrupted period of six 

months should precede a Mars-type mission. 

BIOLOGY EXPERIMENTS 

S 015 Single Human Cells 

Objective: Study the influence of zero gravity on living human cells and tissue cultures. 

Principal Investigator — P. O’B. Montgomery, Dallas County Hospital District, Dallas, 
Texas 

Coinvestigators — J. Paul, Dallas County Hospital District, Dallas. Texas; P. Kruse, Jr., 
Noble Foundation; and L. Hayflick, Stanford Univemty, Palo Alto, California 

Hardware Contractors — JSC; Dallas County Hosoital, Dallas, Texas 

Flight Assignment- -SL-3 

Results: Minor unexplained differences were found in biochemical constituents of the 
used flight and control media. These changes were apparently not significant. Within 
the limits of the experimental design, zero-g environment produced no detectable effects 
on Wistar-38 human embryonic lung cells in tissue culture. 

iS 077 {Passive) Circadian Rhythm — Pocket Mice 

Objective: Study the stability of the circadian rhythm of a mammalian system under 
conditions of space flight. 

Principa’ Investigator — R. G. Lindberg, Northrop Corp., Hawthorne, California 

Hardware Contractors — JSC; Northrop Corp., Electronics Division, Norworyd, Massa- 
chusetts 

Flight Assignment — SL-3 

Results: The experiment was not successful because of equipment failure, v^hlch prevented 
the acquisition of telemetry data. 

S 072 (Passive) Circadian Rhythm — Vinegar Gnat 

Objective: Examine the phenomenon of temperature compensation in the circadian rhythm 
of an insect. 

Principal Investigator- -C. Fittendrigh, Stanford University, Palo Alto, Californ.a 

Hardware Contractors — JSC; Northrop Corp., Electronics Division, Norwood^ Massa- 
chusetts 

Flight Assignment — SL-3 

Results: The experiment failed because of equipment failure similar to that of S 071, which 
prevented the acquisition of telemetry data. 
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STUDENT experiments 
ED 11 Atmospheric Absorption of Heat 

ZS >2.h G.ad., «gh Schoo,, Oshkosh, Wh- 

Science Advisors — D. R. Norris NASA rsn. p p 

lNAi>A-JSC; E. E. Comer, NASA-MSFC 

Flight Assignment — SL-1 /2 

Resuto: Dau are being analyaed in preparation for a finai report. 

ED 12 Volcanic Study 

Objective: Perform infrared surveys from Skviah raf ,„.i 
Pr::::”"' """" ” 

ingtm T. A. Crites, 9th Grade, Ken> Junior High School, Kent, VVash- 

toence Advisors-D. L. Anutbury, NASA-JSC. E. E. Comer, NAS.\-MSFC 
Flight Assignment— SL-1 /2 

Results: Results have not yet been reported. 

ED 21 Libration Clouds 

Points, Ld tnd U^^of the ^rth-K?^’""'^ clouds on the Moon’s orbit at the Lagrangian 
which particles experience zero forceT (po‘"ls within the Earth-Moon system at 

Principal Lkvestigator-A. Hopheld, 9th Grade, Princeton Day School, Princeton. New 

Obre NaLI, SrefStmXr^^^ 

Flight Assignment — SL-3 

Results: No definite results are available. 

ED 22 Objects Within Mercury's Orbit 

ObjecUvc: Phoiograph object (Vulcan hoped for) whhin ihe orbi. of ihe plane, Mercury 

Principal Investigator— D. C. Bochsler 9th CraH,. <s i tt • ^ 

ton, Oregon ’ ^ Milverton Union High School, Silver- 

,-cience Advisors J. T. Humphreys, NASA MSFC* If \/i r\ 

^ «rva.„ry, Nadonal Center for Atmospheric Re;oareh. Bout^^^X^d?'' 
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Flight Assignment — SL-1 /2 

Results: No new objects have been identified between Mercury and the Sun. 

ED 23 Ultraviolet from Quasars 

Objective: Obtain spectra from quasars in the ultraviolet region. 

Principal Investigalor-J. C. Hamilton, lltli Grade, Aiea High School, Aiea, Hawau 
Science Advisors-K. G. Henize, NASA-JSC; J. T. Humphreys, NASA-MSFO 
Flight Assignment — SL-1 /2 

Results: Data from this experiment are still being analyzed. 

ED 24 X-Ray Stellar Classes 

Objective: Determine the general characteristics and location of celestial X-ray sources. 
Principal Investigaton-J. W. Reihs, 11th Grade, Tara High School. Baton Rouge. Louisi- 

ana . , 

Science Advisors-J. T. Humphreys, NASA-MSOt M. Zombeck, American Scence and 
Engineering, Inc., Cambridge, Massachusetts 

Flight Assignment — SL-4 

Results; No data available on this experiment. Results, when known, will be on solar 
X-ray data, an alternative to this experiment. 

^D 25 X-Rays from Jupiter 

Objective; Detect X-rays from Jupiter and search for a correlaUon of the X-ray en.iss.on 
with both solar activity and jovian decametric radio emission. 

Principal Investigator-J. L. Uventhal. llth Grade, Berkeley High School, Berkeley, 
California 

Science Aovisors-j. T Humphreys. NASA-MSFO; M. Zombeck, American Science and 
Engineering, Inc., Cambridge, Massachusetts 

Flight Assignment — SL-3 

Results; Target observations were unobtainable on both the Skyiab 3 and Skjjab 4 mnstons. 
ED 26 Ultraviolet from Pulsars 

Objective; Study and photograph pulsars in the ultraviolet wavelengtln. 

Prineipal Investigator-N. W. Shannon, llth Grade, Dekalb High School, AUanta, Georgia 
Science Advisors-K. G. Henize, NASA-JSC; J. T. Humphreys NASA-MSFC 
Flight Assignment — SL-1 ,/2 

Results; Spectral photograph, arc being studied, but no conclusions have been reached at 
this time. 
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ED 31 Bacteria and Spores 

Objective: Observe under controlled conditions the survival, growth, and mutations of 
bacterial spores in the Skylab environment. 

Principal Investigator-R. L. Staehle, 11th Grade, Harley School, Rochester, New York 
Science Advisors— G. R. Taylor, NASA-JSC; S. B. Hall, NASA-MSFC 
Hardware Contractor— MSFC (in house) 

Flight Assignment — ^SL-1/2 


Results: Bacterial growth showed definite changes in behavior in the Skylab environment, 
Study continues to determine whether the changes are environmental or genetic. 


ED 32 In-vitro Immunology 

O^cctive: Determine the effects of zero-g on these representative life processes: Part A 
Chemotaxis; Part B, Antigenicity. ’ 


Principal Investigator — ^T. 
Heights, New York 


A. Meister, 1 2th Grade, Bron;: High School of Science, Jackson 


Science Advisors— S. L. Kimzey, NASA-JSC; R. E. Allen, NASA-MSFC 
Hardware Contractor— MSFC (in house) 

Flight Assignment — SL-3 

Results: Analyses and comparison with the ground control samples showed that results 
were consistent. 


ED 41 Motor-Sensory Performance 

Objective: Measure changes in motor-sensory performance resulting from prolonged space 
flight and compare Skylab performance data with existing baseline data ano those ob- 
tained during pre- and postflight analysis. 

Pimcipal Investigatoi— K. L. Jackson, 11th Grade, Clear Creek High School, Houston, 
Texas 

Science Advisors-W. E. Feddersen, NASA-JSC; R. E. Allen, NASA-MSFC 

Hardware Contractor— MSFC (in house) 

Flight Assignment — ^SL-4 

Results: A final report on this experiment has not been completed. 

ED 52 Web Formation 

Objective: Observe the web-building process and detailed structure of the web of the 
common cross spider lAraneus Diadrmatus) in both a normal environment and the 
Skylab enviionmerit. 

Principal Investigator-J. S. Miles, 11th Grade, Lexington High School, Lexington, 
Massachusetts 
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Science Advisers— J. B. MacLeod, NASA-JSC; R. L. Cause, NASA MSFC 
Hardware Co.-tractoi— MSFC (in house) 


Flight Assignment — ^SL-3 

Results: Although the final report has not been completed at this time, initial study ven* 
fies that spiders use a gravity sensing organism to size the thread used in spinning a w 


ED 61 Plant Growth 

Objective: Observe and record differences in root and stem growth and orientation 
radish seeds that were germinated in the Skylab environment compared with seeds 
germinated and developed in a normal environment. 

Principal Investigator-J. C. Wordekemper, 9th Grade, Central Catholic High School, 
West Point, Nebraska 

Science Advisoi-s — C. H. Walkinshaw, NASA-JSC; L. A. Gross, NASA-JSC 
Hardware Contraotoi^MSFC (in house) 


Flight Assignment — SL-4 

Results: Analysis is continuing preparatory' to preparing a final report. 


ED 02 Plant Phototropisnt 

Objective: Assess whether or not phototropism can serve as a substitute for geotropism 
for radish seeds genainated and developed in the Skylab environment. 

Principal Investigator-D. W. Schlack, 11th Grade, Downey High School, Downey, 
California 

Science Advisors-C. H. Walkinshaw, NASA-JSC; L, A. Gross, NASA-JSC 
Hardware Contractor — ^MSFC (in house) 

Flight Assignment — SL-4 

Results: A final report is in the process of being written. 


ED 63 Cytoplasmic Streaming 

Objective: Observe the effects of zero-g oa cytoplasmic streaming in plants. 

Principal investigator-C. A. Peltz, 10th Grade, Arapahoe High School, Littleton, Colo, 
rado 

Science Advisors-C. H. Walkinshaw, N.'.SA-JSC; C. A. Cothran, NASA-MSFC 
Hardware Contractor — MSFC (in house) 


Flight Assignment — SL-3 

R«uUs: Elodaa plant, u»d in thi, experiment did not ,urvive. ITte hypothexB advane^ 
in the Snal re^rt i, that thi, may have been caused hy the plant,' wa,te product, and 
lack of carbon dioxide du- to circulation problems in the agar. 
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ED 72 Capillary Slufly 

Objective: Demonstrate capillary tubes and capillary wicks in the Skylab environment. 

Principal Investigator— R. G. Johnston, 12th Grade, Alexander Ramsey High School, 
St. Paul, Minnesota 

Science Advisors — j. B. MacLeod, NASA— JSC; R. L. Gause, NASA-MSFC 
Flight Assignment — SL-4 

Results: Fluid loss occurred, which threatened the experiment. However, film data and 
sketches of the experiment arc still being studied. 

ED 74 Mass Measurement 

Objective: Demonstrate the methods of mass measurement utilized on baseline Skylab 
systems. 

Principal Investigator — V. W. Converse, i2th Grade, Harlem High School, Rockford, 
Illinois 

Science Advisors — J. B. MacLeod, NASA-JSC; R.. R. Head, NASA-MSFC 
Flight Assignment — SL-3 

Results: An excellent film demonstration of mass measurement in zero-g was obtained. 
Results correlated well with the theoretical data. 

ED 76 Neutron Analysis 

Objective: Measure the ambient neutron flux in the Orbital Workshop and attempt to 
identify the contribution from each of three sources: Earth-albedo neutrons, solar neu- 
trons, and cosmic ray secondary neutrons. 

Principal Investigator— T, C. Quist, 12tb Grade, Thomas Jefferson High School, San 
Antonio, Texas 

Science Advisors — D. E. Robbins, NASA-JSC; C. L. Peacock, NASA-JSC 
Flight Assignment — SL-1 /2, SL-3, SL-4 

Results: Although the study is continuing, preliminary results indicate that ambient neu- 
tron fluxes may be significantly higher than previously predicted. 

ED 78 Liquid Motion in Zero Gravity 

Objective: Observe the motion of a gas bubble in a fluid excited by a simple mechanical 
system of calibrated driving force of simple frequency. 

Principal Investigator— W. B. Dunlap, 10‘.h Grade, Austintown Fitch High School, Youngs- 
town, Ohio 

Science Advisors — J. B. MacLeod, N*.SA— JSC; R. R. Head, NASA-MSFC 
Results: An experiment hardware failure negated this experiment. 
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CREW OPERATIONS EXPERIMExTTS 

M 4S7 Habitability /Crew Quarters 

Objective: Evaluate the features of the Skylab living quarters, provisions, and support 
facilities that affect the crew’s comfort, safety, and operational effectiveness. 

Principal Investigator— C. C. Johnson, Jr., NASA-JSC 

Hardware Contractor — McDonnell Douglas Astronautics Co., St. Louis 

Flight Assignment — SL- /?., SL-3, SL-4 

Results: Habitability requirements for spacecraft, except in the areas of mobility and 
restraint, an similar to those on Etffth. 

M 509 Astronaut Maneuoering L^mfment 

Objective: Evaluate, with a “test bed” maneuvering unit, the utility of several astronaut 
maneuvering techniques that differ in the degree of man-machine integration. 

Principal Investigator— C. E. Whitsett, Jr., USAF Space and Missiles System Office, Los 
Angeles, California 

Coinvestigators — ^B. McCandless II, and D. C. Schultz, NASA-JSC 
Hardware Contractor — Martin Marietta Corp., Denver 
Flight Assignment — SL-1 /2, SL-3, SL-4 

Result:;: The operation of the asti-oiiaut maneuvering unit was considered successful. 

M 516 Crew Activities/ Maintenance Study 

Objective: Evaluate man-maf'hine relations by gathering data concerning the crew’s 
capability to perform work in the zerc-g environment throughout long-duration missions. 

Principal Investigator — ^R. L. Bond, NASA-JSC 

Flight Assignment — SL-l /2, SL-3, SL-4 

Results: Man can conduct inflight maintenance tasks as ehectivcly in orbit as on Eartn 
if given the proper tools, restraints, accessibility, and procedures. 

T 013 Crew /Vehicle Disturbance 

Objective: Measure the effects of various crew motions on the dynamics of manned space- 
craft, specifically the torques, forces, and vehicle motions pr-xluced by the astronauts’ 
body motions. 

Principal Investigator — B. A. Conway, LaRC 

Hardware Contractor — Martin Marietta Corp., Denver Di' =oion 

Flight Assignment — SL-3, SL-4 
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Results: Results indicate that crew motion disturbances in a manned spacecraft can pro- 
vide appreciable inputs to the spacecraft attitude-control system. 

T 020 Foot-Controlled Maneuvering Unit 

Objective: Provide information pertaining to the design and use of astronaut maneuvering 
systems by conducting inflight and ground-based evaluations of an unstabilized experi- 
mental device. 

Principal Investigator — ^D. E. Hewes, LaRC 

Hardware Contractor — Martin Marietta Corp., Denver Division 

Flight Assignment — SF-3. SL-4 

Results: Preliminary results indicate that hands-free operation and other design features of 
the foot-controlled maneuvering unit are feasible for incorporation into a future system. 


ATM SOLAR EXPERIMENTS 


S 052 White Light Coronagraph 

Objective: The solar coronagraph views the corona out to 3 million miles (six solar radii) 
in visible light. Measure polarization, shape, and intensity of the solar corona by photo- 
graphs taken at rates up to one every 1 3 seconds. 

Principal Investigator— R. M. MacQueen, High Altitude Observatory, Boulder, Colorado 

Coinvestigator — E. Hildner, National Center for Atmospheric Research, Boulder, Colo- 
rado 

Hardware Contractor — High Altitude Laboratory with subcontractor Ball Brothers Re- 
search Corp., Boulder, Colorado 

Flight Assignment — SL-1 /2, SL-3, SL-4 

Results: The Skylab coronagraph obtained observations comparable to the best ground- 
based eclipse observation at least daily for eight and one-half months with few gaps. 
During this period, coronal evaluation on time scales including months, weeks, days, 
hours, and even minutes were observed. The most rapid change in coronal form, called 
coronal transients, occurred at an unexpectedly high frequency of one every few days. 
Diversity of behavior of coronal transients was noted. 

•S' 054 X-Ray Spectrographic Telescope 

Objective: Obtain time development of X-ray producing events (flares and active regions) 
in the various X-ray wavelengths. 

Principal In'^estigator — R. Giacconi, American Science and Engineering, Inc., Cambridge, 
Massachusetts 
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Hardware Contractor — American Science and Engineering, Inc., Cambridge, Massa- 
chusetts 

Flight Assignment — SL-1 /2, SL-3, SL-4 

Results: Good resolution of the coronal X-ray structure was obtained. Data are still being 
analyzed. 

S 055 Ultraviolet Spectrometer 

Objective: Observe temporal changes in the extreme ultraviolet radiation emitted by 
several types of solar regions. 

Principal Investigator — E. M. Reeves, Harvard College Observatory, Cambridge, Massa- 
chusetts 

Hardware Contractor — Harvard College Observatory, Cambridge, Massachusetts 

Flight Assignment- --SL-1 /2, SL-3, SL-4 

Results: Some data have been reduced to photographic form. Clear, detailed loops of 
ionized particles streaming away from the Sun’s surface more than 41 000 km into 
space have been obtained. Some details of structure, composition, and active processes 
revealed in the ultraviolet photographs were the first seen by man. Data reduction and 
analyses are continuing, 

S 056 Dual X-Ray Telescope 

Objectives: Take X-ray photographs in six bands from 6-33 A; observe the total X-ray 
emission of the Sun in the wavelength region from 2.5-20A in 10 channels. 

Principal Investigator— J. E. Milligan, NASA~MSFC 

Coinvestigator — R. X. Meyer, The Aerospace Corp., El Segundo, California 

Hardware Contractors — GSFC; MSFC 

Flight Assignment — SL-1 /2, SL-3, SL-4 

Results: Data obtained from the experiment have been analyzed based on the assumption 
that the magnetic fields in the chromosphere and lower corona were force-free. Although 
the data analyzed are consistent with the force-free field model, a more extensive anal- 
ysis of the available data is required to definitely establish the nature of the X-ray 
arches obtained in the experiment observations. 

S 082 Ultraviolet Spectrograph /Heliograph 

Objective: Photograph the Sun in selected ultraviolet wavelengths. 

Principal Investigator — R. Tousey, Naval Research Laboratory, Washington 

Hardware Contractor — Naval Research Laboratory with subcontractor Ball Brothers 
Research Corp., Boulder, Colorado 

Flight Assignment — SL-1 /2, SL-3, SL-4 
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earth resources experiments 


•S’ 190A Mullispectral Photographic Facility 

Principal Investigator — K. J. Demel, NASA-JSC 

Hardware Comractor-ITEK Corp. Lexington. Mantachusetta 
Flight Assignment— SL- 1/2, SL-3, SL-4 

Results; The multispectral photographic facility performance was satisfactory. 

S 190B Earth Terrain Camera 

“““ --P«a.ion or dam gathered 

Principal Investigator— K. J. Demel, NASA-JSC 

"eh::,,:"ErsrnVaZn'a^“^"- 

Flight Assignment— SL- 1 / 2 , SL- 3 , SL-4 

Results: The Earth terrain camera performid verv well TKa u l • 

being used in conjunction with experiment S 190A H t Phonography obtained is 

S 191 Infrared Spectrometer 

» 

Principal Investigator — T. L. Barnett, NASA-JSC 
Flight Assignment— SL-1/2, SL-3, SL-4 

Zw«ter“in^^ 
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S 192 Mullispectral Scanner 

Objective: Evaluale quamitativcly ,he applicability of tpcctral data tor Earth resources 

sensing. 

Principal Investigator— C. L. Korb, NASA-JSC 

Hardware Contractor-Honeywell Radiation Center, Boston, Massachusetts 
Flight Assignment — SL— 1/2, SL— 3, SL— 4 

Results: Skylab S 192 data provide a useful tool for synoptic appraisal of land-water cover 
types and environmental analysis. 

S 193 Microwave Radiometer / Scatterometer, Altimeter 

Objective: To sintultaneously measure radar differential back^attering cross secdon and 
passive microwave emissivity of land and sea on a global scale. 

Principal Investigator— D. Evans, NASA-JSC 

Hardware Contractor-General Electric Co., Philadelphia, Pennsylvania 
Flight Assigninent — SL-1 /2, SL-3, SL-4 
Results: Data from this -P-i-nt are 

‘T: for"Sg'“ Sca-s.ate studies, wind- 

pass was made to provide previously unavailable data on the Earth. 

S 194 L-Band Radiometer 

Objective: Measure thermal radiation in the microwave (L-band) range. 

Principal Investigator — D. Evans, NASA-JSC 

Hardware Contracton-Airborne Instruments Uboratory Division, Cutlcr-Hammer, Inc,- 
Deer Park, Long Island, New York 
Flight Assignment — SL-1 /2 
Results: Data from this experiment are being 

s“.int ::Tdrrrnfsc^-^^^^^ - use ^ c^p 

planning and predicting the effecU of snow melt. 


SCIENTIFIC EXPERIMENTS 


S 009 Nuclear Emulsion . 

Objective: Study charge spectrum of primary cosmic rays with emphasis on heavy nude, 

Principal Inve»,iga,on-M. M. Shapiro, Naval Research Laboratory, Washington 
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Hardware Contractor— Naval Research Laboratory, Washington 

Flight Assignment — SL-1 /2 

Results: The experiment operated normally for approximately the first two-thirds of the 
visit, after which the detector package would not move to the closed position. However, 
by improvisation, the experiment was continued. ’ 

S 019 Ultraviolet Stellar Astronomy 

Objectives: Obtain a large number of stellar spectra down to 1400 angstroms (UV spectra 
beyond limits of ground-based instruments). Obtain spectra of early- type stars and 
photographs of Milky Way fields. ^ 

Principal Investigatoi— K. G. Henize, NASA-JSC, and Northwestern University, Evan- 
ston, Illinois 

Hardware Contractor— Northwestern University, Evanston, Illinois 

Flight Assignment — SL-1 /2 

Results: A preliminary review of this experiment film indicated that the spectra quality 
was good and fully recoverable by spectrophotometry but that some film fogging had 

occurred. Computer programs for quantitative data reduction were in the final stages 
of development. ° 


SOLAR PHYSICS EXPERIMENTS 


S 020 Ultvavtolet X-Ray SoIut Photograpfy 

Objective: Photograph extreme UV and X-ray emissions of the Sun in the 10- to 200- 
angstrom wavelengths. 

Principal Investigator— R. Tousey, Naval Research Laboratory, Washington 

Hardware Contractor — Naval Research Laboratory, Washington 

Flight Assignment — SL-1 /2, SL-3, SL-4 

Results: The experiment was originally planned to be carried out from the solar scientific 
airlock; however, because of the parasol deployment, experiment operations were per- 
formed during EVA. Revised functional objectives were successfully completed and one 
of the major original objectives, spectra of a solar flare, was also obtained. 

S 063 Ultraviolet Airglow Horizon Photography 

Objective: Photograph the twilight airglow and Earth’s ozone layer simultaneously in 
the visible and ultraviolet wavelengths. 

Principal Investigator— D. M. Packer, Naval Research Laboratory, Washington 

Hardware Contractor — Martin Marietta Corp., Denver 
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Flight Assignment — SL-1 /2, SL-3, SL-4 

Results: A preliminary visual review of the film indicated some h.rge variations in image 
quality, although color photography appeared to be very good. Experiment success 
would require some film processing enhancements and microdensitometry. 

S 073 GegenscheinI Zodiacal Light 

Objective: Measure the surface brightness and polarization of the night glow over a large 
portion of the celestial sphere in the visible light spectrum and determine the extent and 
nature of the spacecraft corona during daylight. 

Principal Investigator— J. L. Weinberg, Dudley Observatory, Albany, New York 

Hardware Contractor — Dudley Observatory, Albany, New York 

Flight Assignment — SL-1 /2, SL-3, SL-4 

Results: The experiment performed normally, except for one instance in which shaft and 
trunnion positioning control was lost (Skylrb 2). 

S 149 Particle Collection 

Objective: Determine the mass distribution of micrometeorites in near-Earth space. 

Principal Investigator — G. L. Hemenway, Dudley Observatory, Albany, New York 

Hardware Contractor — Dudley Observatory, Albany, New York 

Flight Assignment — SL-1 /2, SL-3, SL-4 

Results: Full study and calibration of the S 149 materials will take a number of years, but 
initial results show promise of determinmg accurately the near-Earth population of 
cosmic dust particles over a wide mass range. 

S 150 Galactic X-Ray Mapping 

Objective: Survey a portion of celestial sphere for galactic X-ray sources in the 0.2 KeV 
to 10 KeV energy range. 

Principal Investigator — W. L. Kraushaar, University of Wisconsin, Madison, Wisconsin 

Hardware Contractor — University of Wisconsin, Madison, Wisconsin 

Flight Assignment — SL-4 

Results: The experiment collected X-ray data for only 110 minutes before the experiment 
high voltage switched off because of low gas pressure in the X-ray sensor. The planned 
operating time was 265 minutes. 

S 183 Ultraviolet Panorama 

Objective; Obtain wide-ficld-of-view photographs of individual stars and extended star 
fields in the ultraviolet range. 

Principal Investigator — G. Courtes, Laboratoire d* Astronomic Spatiale du CRNS, Mar- 
seille, France 
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Hardware Contractor — French Government 

Flight Assignment — SL-1 /2 

Results: The equipment malfunctioned once. However, after a new film cassette was 
inserted, equipment operated properly. 

S 228 Trans-Uramc Cosmic Rays 

Objective; Provide detailed knowledge of relative abundance and energies of the nuclei 
in cosmic radiation. 

Principal Investigator K, A. Anderson, University of California, Berkeley, California 

Hardware Contractoi^University of California, Berkeley, California 

Flight Assignment — SL-1 /2, SL-4 

Results: Detector assemblies were deployed and retrieved by the SL-4 crew. Results ar- 
being analyzed. 

S 230 Magnetospheric Particle Composition 

Objective: Measure fluxes and composition of precipitating magnetospheric ions and 
trapped particles. 

Principal Investigator — D. L. Lind, NASA-JSC 

Coinvestigators— J. Geiss and W. Stettler, University of Bern, Bern, Switzerland 

Hardware Contractor — Engineering Division, JSC 

Flight Assignment — SL-3, SL-4 

Results; Deposits similar to those on the D 024 samples were also found on the S 230 sur- 
faces, but the data were still usable for primary experiment objectives. Processing of 
the preliminary data from the first two sets of foil sections indicated that the foils collected 
precipitated magnetospheric particles as expected. The majority of the particles par- 
ticipating in the aurora were identified to be of solar wind origin. Preliminary results 
also showed no indications of interstellar gas atoms and revealed ;hat fluxes of epithermal 
noble gas ions at low latitudes a.e very small. 


TECHNOLOGY AND MATERIALS PROCESSING EXPERIMENTS 


D 008 Radiation in Spacccrajt 

Objectives: Advance active and pas.sive do.simetry instrumentation. Test theoretical com- 
puter codes. Accumulate detailed information of SC radiation environment as supple- 
ment to NASA system. 

Principal Investigatoi'^-A. D. Grimm, USAF Weapons Laboratory, Kirtland AFB, New 
Mexico 

Coinvestigator J. F. Janni, USAF Weapons Laboratory, Kirtland AFB, New Mexico 
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Results: Data on toxicity, contamination, cleaning, timeline, and hardware performance 
were provided. 

M 512 Materials Processing Facility 

Objective: Explore space manufacturing applications of molten phenomena, such as 

molten metal flow, freezing patterns, thermal stirring, fusion across gaps, and surface 
tension, by performing five experimental tasks and Experiment 479. 

Principal Investigator — P. G. Parks, NASA-MSFC 

Hardware Contractor — Westinghouse Electric Corp., Baltimore, Maryland 

Flight Assignment — SL-1 /2, SL-3, SL-4 

Results: The facility and the returned samples were identical to the training hardware 
and samples. The welding went extremely well. The materials processing facility was 
used to conduct experiments M 479, M 551, M 552, M 553, and M 555. 

M 551 Metals Melting 

Objectives: Study the behavior of molten metals in microgravity. Characterize the struc- 
tures formed in metals melted and rapidly solidified in zero gravity. Test means of 
joining metals by electron beam welding in zero gravity. 

Principal Investigator — R. M. Poorman, NASA-MSFC 

Flight Assignment — SL-1 /2 

Results: Ground specimens contained large elongated grains and a wide chill zone. The 
Skylab specimen contained more equiaxed tine grains and a more symmetr cal pattern 
of grain structure. T1 e liner grain structure observed in the space specimen was at- 
tributed to constitutional supercooling, which results when a solid freezes with a com- 
position slightly dilTerent from that of the liquid from which it forms. 

M 552 Exothermic Brazing 

Objectives: Test and demonstrate a method of brazing components in space repair and 
maintenance operations. Study surface wetting and capillary flow effects in weightless 
molten metals. 

Principal Investigator— J. R. Williams, NASA-MSFC 

Hardware Contractor — Whittaker Corp., Los Angeles, California 

Flight Assignment — SL-1/2 

Results: In the same time and at the same temperature conditions, nickel dissolved more 
rapidly in liquid silver-copper alloys in space than on Earth, The experiment indicated 
that this of'currcd not because the nickel was more soluble in space, but because the 
speed of diswsolution was greater. 4'his suggests that saturated liquid metal solutions can 
be more easily produced and true solubility more easily determined in space than on 
Earth. 
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M 553 Sphere Forming 

Objective: Demonstrate the effects of zero gravity on fundamental solidification phe- 
nomena. 

Principal Investigatoi—E. A. Hasemeyer, NASA-MSFC 

Hardware Contractor-Arthur D. Liide, Inc., Cambridge, Massachusetts 


Flight Assignment — SL-1 /2 

Results: Gun problems resulted in the specimen being pear-shaped instead of spherical 
following gun cutoff. Incomplete melting occurred, and sometimes the spike would 
retract and the sphere would stick on the ceramic. At about the same time the gun 
problems were occurring, the time required to create a vacuum in the system seemed 
tremendously long. Apparently, outgassing in the gun was causing the vacuum problem. 


M 555 Gallium Arsenide Crystal Growth 

Objective: Grow single crystals of gallium arsenide from soludon in order to produce 
material of exceptionally high chemical and crystalline perfection. 

Principal Investigators— M. Rubenstein, Westinghouse Electric Corp., Pittsburgh, Penn- 

sylvH^niaj C. DEvidson, NASA. \ISFC 
Flight Assignment — SL-1 /2 

Results: The experiment was successfully carried out. Knowledge of the role of gravity 
in materials processing has made substantial progress. 


M 518 Multipurpose Furnace SysUm 

Obiective- Enhance the capabUitie. of exWng Skylab hatdware by providing means to 
perform experiments on solidification, crystal growth, and other processes lotolvmg 
phase changes in materials. 

Principal Investigator— H. A. Ray, NASA-JSC 

Hardware Contractor-Westinghouse Electric Corp., Pittsburgh, Pennsylvania 
Flight Assignment — SL-4 

Results- The furnace system performed well and no malfunctions 

Experiments M 556, M 557, M 558, M 559, M 560, M 561, M 562 M 563, M 564 
M 565 and M 566 were performed using the multipurpose electric furnace systein or 
the material processing facility. All samples processed in the furnace 
Earth. Results from some of the processes were far superior to the results obtained on 

Earth. 

M 556 Vapor Growth of II— VI Compounds 

Obieclive: Determine the degmt of improvement that can be obtained in the perfection 
and chemical homogeneity oferyxtal, grown by chemical vapor transport under-weight- 

less conditions in space. 
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Ws.,a.o,-a A. Wiede^ie, Re„„.,,„ 

n^dwart Contractor-WestinghouK > ®“'>ta<>«. Maryland 

flight Assignment— SL-3, SL-4 

■'r.^L^tSeTr -- a„a 

port agent, iodine vapor, from polycrysulline S>'adient in a trans- 

The growth process was carried out in sealed quartz 1° ^“'"Ponent materials, 

cartridges. The experiment was considered a srest 

M 557 Immiscible Alloy Compositions 

Objective: Determine the effects of near zero-ff on th^ 
that normally segregate on Earth ^ processing of material composition* 

Flight Assignment — SL-3, SL-4 ^ 

portant parameters of immiscible liquids such as visc^o ™* 

similar to those found for common hquid-meta imX differences, are 

should also be very stable in low gravity. ^^^^^'ble systems, the metallic systems 

M 558 Radioactive Tracer Diffusion 

::r r ~ “■ 

thght Assignment—SL-3 
M 559 Microsegregation in Germanium 

Pnnepa, ,„ve.iga,on-F. A, Pad„v.„i, T«aa ,„c„ Dalla, rir""' 

Hardware C.n.rac»r-WerUnghou. ElecrHc 0,^.., Baldmore, Maryland 
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terial during solidification. 

560 Growth oj Spherical Crystals homogeneity and structural 

values for ideal crystals. Mah rma in Huntsville, Huntsville, 

HU Walter, University of Alabama 
Principal Investigator— H. U. VYauc , 

“■■■ <»'■ 

^ the crvstals were small, very large crystals cou P P „^elting 

- .e. ....a, .cw.,. 

„ 561 Wma.R„r.fcrai Cmpo^im „i,„,ea 

Objective: Produce void-free rumples of stiver 

s.,icon-e,rbide wlttskem. Tolcyo. Japan 

Princtpal l.ivcsligalor ' Baltimore, Maryland 

Hardware Contrae.or-Wesunghouse Clectne o P 

Flight Assign-nent— SL-3, SL-4 reinforced with oriented 

Results; The experiment ^ j' ™ containing distributions of 

■^riheon-earbide whislters. S';’,'':'th'S:rs in diameter by one m, .mete, 

tionally oriented sil.con-car . ,ed to force voids Irom the n 

M j 62 Indium Antimomde Crystals homogeneity and 

re^rne ir^- — - 

plXTnvesdgator-H. C. Catos. Massachusetts Institute of Teebnology. Cambrtdge, 

Massachusetts , ■ , rcrhnology, Cambridge, Massa- 

. ,„r A F Witt, Massachusetts Institute of Uchnology, 

Coinvestigator— A. r. wi , 

r'hlisetts 
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Hardware Contractor— Westinghou.se idectric Corp., Baltimore, Maryland 

Flight Assignmenl — SL-3, SL-4 

Results: High-quality single crystals of indium antimonide, doped with tellerium, were 
precision machined and etched to fit into heavy quartz ampoules, sealed, and enc.osed 
in metal cartridges. Half of each crystal (7.62 cm in length) was melted in the furnace 
and regrown at the rate of 1.27 cm per hr using the unmelted half as seed. 

AI 563 Mixed III — V Crystal Growth 

Objective: Determine how weightlessness affects directional solidification of binary semi- 
conductor alloys and, if single crystals arc obtained, determine how their semiconducting 
properties depend on alloy composition. 

Principal Investigator— W. R. Wilcox, Seaver Science Center, University of So.uhern 
California, Los Angeles, California 

Hardware Contractor— Westinghouse Electric Corp., Baltimore, Maryland 

Flight Assignment — SL-3, SL-4 

Results. Alloys of indium antimonide and gallium antimonide in varying propo. tions 
were placed in separate, fused silica ampoules, encased in cartridges, melted in the fur- 
nace, and directionally solidified at the slowest available rate. 

M 564 Metal and Halide Eutectics 

Objective: Produce highly continuous, controlled structures in samples of the fiberlike 
Naf-NaCI and platelike Bi-Cd and Pb-Sn eutectics, and measure their physical prop- 
erties. 

Princip' 1 Investigator — A. S. Yue, University of California, Los Angeles California 

H. . jvare C.ontractor Westinghouse Electric Corp., Baltimore, Maryland 

Flight Assignment — SL-3 

Results: The experiment produced controlled structures in sa.nples of fiberlike, fluoride- 
.sodium chloride eutectic, and measured their physical properties. Three ingots of the 
eutectic, 1.27 cm in diameter and 10.16 cm long, were grown by melting th.e alloys and 
then cooling them directionally at the slowest available rate. 

M 565 Silver Grids Melted in Space 

Objective: Determine how pore sizes and pore shapes change in grids of fine silver wires 
when they are melted and resolidified in space. 

Principal Investigaioi A. Deruytherre, Katholicke Univcrsitcit, Hcverlec, Belgium 

Hardware Contractor— Westinghouse Electric Corp., Baltimore, Maryland 

Flight Assignment — SL-3 

Results: I he action ol diffusion and of the remaining convection due to the variations in 
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,he surface lensions appeared to be reduced in space from the rapid leveling of concen- 
tralion gradients on Earth experiments. 

M 566 Copper-Aluminum Eutectic 

Objectiv:; Determine the effects of weightlessness on the formation of lamellar structure 
in eutectic alloys when directionally solidified. 

Principal Investigator— E. A. Hasemeyer, NASA-MSFC 

Hardware Contractor— Westinghouse Electric Corp., Baltimore, Maryland 

Flight Assignment— SL-3, SL-4 

Results: Three aluminum-copper alioy rods 0.64 cm in diameter were partially melted 
and directionally solidified. 

T 003 Inflight Aerosol Analysis 

Objective: Measure aerosol particle concentration and size distribution inside spacecraft 
and assess adequacy of air distribution, circulation, and filtration. 

Principal Investigator-W. Z. Leavitt, U.S. Department of Transportation (DOT), Cam- 
bridge, Massachusetts 

Hardware Contractors-DOT; Bendix Corp., Ann Arbor, Michigan 
Flight Assignment — SL-1 /2, SL-3, SL-4 

Results: The equipment operated properly and data cards are being analyzed. 

T 025 Coronagraph Contamination Measurement 

Objectives: Determine the presence of an induced particulate atmosphere surrounding 
the orbital assembly. Measure changes in the atmosphere due to thruster firings, waste 
dumps, and vehicle orientation. 

Principal Investigator-J. M. Greenberg, Dudley Observatory, Albany, New York 

Coinvestigator — ^G. P* Bonner, NASA-JSC 

Hardware Contractor — Martin Marietta Corp., Denvei 

Flight Assignment — SL-1/2, SL-3, SL-4 

Results: All EVA for this experiment was satisfactory, except for one occasion when the 
35-mm camera EVA viewfinder became loose. 

T 027 ATM Contamination Measurement 

Objective: Determine the change in optical properties of various surfaces due to con- 
taminants near the spacecraft on a real-time basis plus postfiight analysis. Measure y 
brightness background caused by solar illumination of contaminants. 

Principal Investigator— J. A. Muscari, Martin Marietta Corp., Denver 

Hardware Contractor — Martin Marietta Corp., Denver 
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Flight Assignment — SL-1 /2 

Results: Valuable quantitative deposition information was supplied, which was used 
daily for mission support and contamination prediction calculations. 


COMET KOHOUTEK EXPERIMENT 


Objective: Provide long-term viewing, near-perihelion viewing, astronaut response, and 
payload optimization, allowing Kohoutek to be monitored in the ultraviolet and visible- 
light ranges regardless of its angular separation from the Sun. 

Project Scientist — ^W. C. Snoddy, MSFC 

Experiment Integration Engineer— R. J. Barry, Bendix Corp., Burbank, California 
Results: Preliminary results indicate that the experiment was highly successful. 


APPENDIX 4— EXTRAVEHICULAR 
EXPERIMENT OPERATIONS 


[From Johnson Space Center, Skylab Mission Report, Supplement 3, 
Flight Crew Contributions to the Skylab Mission^ j ^ 974J 



Experiment 

Operations Performed 

Visit 

Remarks 

Number 

Tide 



D024 

Thermal Ckjntrol 
Coadngs 

Sample trays deployed and 
retrieved. 

Second 

and 

third 


S020 

X-Ray /Ultraviolet 
Solar 

Photography 

Instrument attached to 
Apollo telescope mount 
truss, operated, and 
retrieved. 

Third 

Operated during extra- 
vehicular activities 
because of parasol 
in solar scientific 
airlock. 

SI 49 

Particle Collection 

Experiment unit attached 
to Apollo telescope mount 
and cassettes exposed. 
Unit retrieved upon 
completion. 

Second 

and 

third 

Solar-side exposures 
obtained by extra- 
vehicular activity 
because of parasol 
in solar scientific 
airlock. 

S201 

and 

S201K 

Extreme Ultra- 
violet Electrono- 
graphic Camera 

Camera attached to Apollo 
telescope mount truss, 
operated, and retrieved. 

Third 

Added to obtain data 
on Comet Kohoutek 
and other celestial ' 
objects. 

S228 

Transuranic 
Cosmic Rays 

Detector assemblies de- 
ployed and retrieved. 

Third 


S230 

Magnetospheric 

Particle 

Composition 

Collector assemblies de- 
ployed and retrieved. 

Second 

anu 

third 


T025 

and 

T025K 

Coronagraph 

Contamination 

Measurement 

Camera attached to Apollo 
telescope mount truss, 
operated, and retrieved. 

Third 

Operated during extra- 
vehicular activity 
because of parasol 
in solar scientific 
airlock. 
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APPENDIX 5— EXPERIMENT REPAIR 
AND MAINTENANCE 


[From Johnson Space Center, Skylab Mission Report, 
Supplement 3, Flight Crew Contributions to the Skylab Mission, Jn\y 1974] 


Experiment 

Apollo Telescope Mount 

White Light Corona- 
graph (S052) 

X-Ray Spectographic 
Telescope (S054) 


Lltraviolet Scanning 
Polychromator-Spectro- 
heliometer (S055A) 


Extreme Ultraviolet 
Coronal Spectrohelio- 
graph (S082A) 

Chromospheric Extreme 
Ultraviolet Spectro- 
graph (S082B) 


Image Scope Television 
Monitor (S082A/B) 


Abnormal condition Corrective action 

Unplanned Tasks 


Contamination on occulting 
disc caused bright spots on 
television monitor. 

Drive mechanism on aper- 
ture door failed. 

Filter wheel jammed be- 
tween two filter positions. 

High-voltage tripoff caused 
by oversensitivity of detector 
to background radiation 
levels. 

Aperture door-ramp latch 
binding. 

Aperture door-ramp latches 
binding. 

Exposure timer operating 
erratically. 

Cover on hydrogen-alpha 2 
telescope aperture operating 
intermittently. 

Monitor inoperative. 


Contamination brushed off 
disc during extravehicular 
activity. 

Door manually opened by 
removing release pins during 
extravehicular activity. 

Wheel moved to open position 
during extravehicular activity. 

Main high-voltage switch con- 
figured to override for 
manned operation and to en- 
able unattended operations. 

Door-ramp latch removed 
during extravehicular activity. 

Door pinned open during 
extravehicular activity. 

Replacement timer installed. 


Cover pinned open during 
extravehicular activity. 

New television monitor sup- 
plied and installed successfully. 
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ExpmmaH Repair and Maintenance— Continued 


Expcriinoni 


Earth Resources Experiment 
Package 

Multispectral Scanner 

(SI 92) 


Microwave Radi- 
ometer /Scatterometer 

and Altimeter (S193) 


Biomedical 

Sleep Monitoring 
(Ml 33) 

Mark 1 Exerciser 


Specimen Mass 
Measurement Device 

(MG74) 


Corollary 

Nuclear Emulsion 
(S009) 


Abnormal condition 
Unplanned lasks 


Improperly seated cooler/ 
detector. 

Incorrect prelaunch attenu- 
ator adjustments. 

Detector did not provide de- 
sired resolution of thermal 
data. 

Electrical short caused 
erratic antenna motion. 


Cap electrodes dried out. 

Mark 1 exerciser spring 
broke. 

Electronics module failed on 
wardroom specimen mass 
measurement device. 


Motor failed, preventing 
opening and closing of 
detector package. 


Corrective action 


Reseated and realigned. 
Alignment readings increased 
from 43 percent to 46 percent. 

Special procedure uplinked 
and crew adjusted attenuator 
in flight. 

Modified thermal detector 
supplied and installed. 

Antenna pinned in zero-degree 
pitch position during extra- 
vehicular activity, restoring 
operation of antenna in roll 
axis. 


Rejuvenation kits used on 
second and third visits. 

Spring replaced. 

Module replaced with elec- 
tronic module from waste 

management compartment 
unit. Spare electronic module 
supplied and installed during 
next visit. 


Motor resupplied and 
replaced. 
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Experiment 


Articulated mirror 
system 


Experiment Repair and Maintenance-Continued 


Abnormal condition 
Unplanned Tasks 


Corrective action 


TUt control jammed on first Crew 


Mirror surface was contam- 
inated on second visit. 


gears and reported new indi- 
cator “zero” position. 

New mirror installed by third 
visit crew. 


Ultraviolet Panorama 

(S183) 


Contamination 

Measurements 

(T027/S073) 

Student 


Mirror position indicator 
failed on third visit. 

Film plate jammed in 
carrousel. 

Electrical failure in protec- 
tive circuit, which shut off 
power to electronics package 
before exposure sequence. 

Photometer head in uonre- 
tractable position due to 
shaft drive circuit failure. 


Crew positioned mirror by 
counting turns of control knob. 

Malfunction procedure used 
for carrousel alignment. 

Jumper wires connected be- 
tween test connector and 
camera connector pins. 

Photometer system ejected 
into space, permitting anti- 
solar scientific airlock use in 
other experiments. 


Neutron Analysis 

(ED76) 


Apollo Telescope Mount 
Persistence Image Scope 


Earth Resources 
Experiment Package 

Multispectral Plioto- 
graphic Cameras 
(S190A) 


Detector deactivation slide 
jammed. 

Planned Tasks 


Fuzzy image, poorly defined 
bright spots and horizontal 
bright lines on persistence 
image scope. 


No film motion sensing at 
camera station 6. 


Detector partly dismantled to 
free deactivation slide. 


Proper operation restored 
after contacts were cleaned 
and batteries changed. 


Camera station 6 magazine 
replaced with spare. 
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Experiment 


Tape recorder 


Biomedical 


Experiment Repair and Maintenance— Conduded 


Abnormal condition 


Corrective action 


Sleep Monitoring 

(Ml 33) 


Planned I'asks 

— ” ^ Z\ rii-mcd with optical cleaning 

Dust particles on optics and t .kancci vviin h 

him emulsion buildup on kits, 

platens. 

Contamination removed from 
recording heads and tape 
rollers. 


Metal oxide buildup on re- 
cording heads. 


Improper operation on 
cator lights. 

Lack of telemetry data. 


indi- 


Cable between eleetronic box 
and cap replaced. 

Two experiment cables re- 
placed with spares. 


Lower Body Negative 
Pressure (M092) 


Blood pressure measuring 
system cut! failed. 


Cuff replaced with spare. 
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AND MAINTENANCE 


(Prom Johnson Space ^nter, Skylab Mission Report, Supplement 3 
Flight Crew Contributions to the Skylab Mission, July 197^ 


System 

Abnormal condition 

Corrective action 

Unplanned Tasks 

otructure 

Orbital Workshop 
micrometeorite shield 
(thermal control) 

Shield torn off during launch, 
resulting in high interior 
W^orkshop temperature. 

Skylab parasol deployed 
through solar scientific airlock 
on first visit. 

■p 1 ^ .1. ♦ 1 


Twin-pole sunshade deployed 
during extravehicular activity 
on second visit. 

Electrical power 

Orbital Assembly solar 
array system 

Solar-array system wing 2 
broken off during launch and 
wing 1 failed to deploy. 

Wing 1 deployed during EVA 
on first visit. 

Orbital Assembly 
charger /battery /regu- 
lator module 1 5 

Stuck relay in regulator pre- 
vented battery from being 
charged. 

Crewman freed stuck relay 
during first visit by striking 
skin of spacecraft with hammer 
in vicinity of relay durinc 
EVA. 

Attitude control 

Orbital Assembly rate- 
sensing system 

Deterioration in performance 
of rate gyros during first 
visit. 

Rate gyro “six-pack” installed 
in multiple docking adapter 
on second visit. Installation 
required extravehicular oper- 
ations. 

li-nvironmental control — 


Thermal control system 
Refrigeration system 


Leakage of coolant fluid 
from coolant loop. 

Failed primary and second- 
ary refrigeration system 
loop bypass valves in partial 
radiator position caused low 
loop temperature and loss of 
control. 


Fluid replenished on third 
visit. 

Connector J5 disconnected to 
permit simultaneous use of 
primary and secondary loops 
and to prevent automatic 
switchover. 
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Sysletn Repairs and Mainieneince -Corilinued 


System 


Apollo telescope mount 
control and display 
panel cooling system 

Airlock module primary 
coolant loop 


Abnormal condition 

Unplanned lasks 

gTs bubbles in cooling Huid 
caused flow rate fluctuations. 


Contamination caused tem- 
perature control valve to 
stick in cold position. 


Corrective action 


Spare liquid /gas separator 
installed in place of system 
filter. 

Valve resumed operation 
during troubleshooting. 


Life support 

Orbital Workshop hatch 
check valves 

Orbital Workshop vent 
valve 

150-psi nitrogen pres- 
sure regulator 

Urine receptacle suction 

line 

Communications 

Transmitter 


Check valves leaked. 

Vent valves remained open 
after close commands sent. 

Nitrogen pressure regulator 
was 10 to 15 psi low. 

Rubber washer loose. 


Transmitter C inoperative. 


Check valve orifices taped. 

Valves purged and cleaned; 
valves then closed. 

Placed on a 5-day duty cycle; 
operated normally. 

New washer supplied and in- 
stalled by crew. 


Crewman reset circuit breaker 
on panel 200 and operations 
were normal. 


Airlock Module tape 
recorder 

Television camera 


Teleprinter 


Life support 

Molecular sieves A and 
B partial pressure 
carbon dioxide 


Tape slipped off capstan. 

Television camera color 
wheel was not rotating, 
causing loss of lower part of 
picture and partial color. 

Printout difficult to read. 
Planned "^1 asks 


Erratic readings. 


Crew repositioned tape on 
capstan. 

Crew removed lens and 
started wheel manually to 
remove contamination in 
gearing. 

Teleprinter head cleaned. 


A and B sensors replaced. 
O-ring on molecular sieve B 
partial pressure carbon dioxide 
inlet and cap replaced. 
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Waste management 
compartment water 
dispenser 

Waste management 
compartment squeezer 

power system 


Leaked around seal. 


Dump probe replaced. 
Replaced with spare. 

Seal replaced. 




Sensor replaced with spare. 


Television input station 
Television monitor 

Television power cable 

Airlock Module tape 
recorder 

Teleprinter 


Speaker-intercommuni- 

cations assembly 
Video tape i ccorder 


Broken connector pin on 
television input station 642 . 

No video on television 
nionitor. 

Three recorders failed. 

Paper feed mechanism in- 
operative. 

Switch failures on two units. 


Recover failed ,o ,ra„„i, 

lecorded signals 


Replaced with spare. 

Monitor and monitor cable 
replaced. 

Power cable replaced. 

Replaced with spares. 

Teleprinter head assembly 
replaced with spare unit. 

Assemblies replaced with 
spares. 



ORIGn>JAL PAGE lb 
OE POOR QUAUTY 


APPENDIX 7— TASKS IDENTIFIED AS POSSIBLE 
FOR SPACE LABORATORY 


[From Douglas Aircraft Company, Inc., Summary Report SM- 48822, “Report on the Development of the Manned 
Orbital Research Laboratory (MORL) System Utilization Poteiu':’' ” See January 1966 entry.] 

research 


Astronautics 

• Determination of orbital atmospheric densities (free molecular flow regime) in etll areas 
of mission interest* 

• Determination of radiation environment in all areas of mission interest 
Particular emphasis on electron flux at synchronous altitudes* 

• Determination of micrometeoroid environment in all areas of mission interest* 

Biotechnology 

• Qualification of proposed MORL atmosphere for long-term habitability* 

• Evaluation of aeroembolism effects upon decompression to pure Oj suit atmosphere* 

• Determination of all detrimental atmospheric contaminants and toxicity levels* 

• Evaluation of methods of identifying and continuously monitoring all trace contaminants 
at levels significantly lower than ever attempted before* 

• Assessment of long-term exposure to modified (semisterile) bacteriological environment* 

• Assessment of biological and psychological effects of long-term use of recycled and re- 
claimed (urine) water 

• Establishment of human requirements and operational parameters for spinning (arti- 
ficial gravity) mode 

Control Systems 

• Determination of accurate long- and short-term disturbance profiles 

• Determination of horizon radiometric signature (gradients profile) 

• Assessment of long-term exposure of optical devices and bearings to the space environ- 
ment 

• Determination of hypergolic propellant long-term storage and ignition characteristics 
under orbit-environment conditions* 

•MORL study tasks for which orbital flight experience and development support might be provided by Apollo Appli- 
cations Program. 
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■ °" (load^ PropelUn. 


• Assessment of vacuum sealing and joining of metals (valves) ■ 


Power 


■ Mgh. a„d 

• or maxtaun, practical reduction of 0^> and Of i^topes in P„0, fuel 

Evaluation of effects on neutron source strength of fuels using purified O* 

“ yer‘' “0 

^te^ination of PuOr fue, Heiiunt reiea. rates as a function of tetnperatu. and ti»e 
etermmation of thermal conductivity of packed beds of fuel particles 

“s"“‘ diffusion barrier and fuel capsule 

^termination of oxidation., adding plastic flow as a function of temperature and stmss 
ssessment Of oxidation cladding compatibility with various soils 

[2000°Fj7temperat™^^ conductivity of representative soils, particularly at high (1400 

Determination of long-term dissolution rates of fuel in sea water 

absorpZTa ArTr^cT"'”' 

' X“ -"ffd. and plasuc flow as a function of dme and 

^.—0 of rue,.b,ock.„mterUl oxidation rate when protected by an cmissivity 


ADVANCE TECHNOLOGY 

.f4x<ronaM/»Vj 


• Verification of recommended deployment 
weight for artificial gravity spinup 


system used to separate laboratory and 


counter- 


* Asse ssment of feasibility of using simpler linkages 


*MORL study tasks for which orbital 
cations Program. 


flight experience ,„d development .upport might be provided by Apollo Appli- 
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nifties of cables when subjected to prolonged 
structural damping properties ol cao 


• Determination of st 

. r— Tonn.ce. aUcnCance. .^uce. .. .a. ..on ... .e 

. ::rT — — .o ... ..o. . ....e -- 

requirements 


Biotechnology H^»termine whether char- 

. EvaluaUon of — 

coal bed will eliminate atmospheri mmbination to 

miiRS-SDeCtromC 


■ wm cU.na.e atmospheric contaminant 

. Development of a «*l''-^“^“f 3 ;^XX;^nevels than has been attempted before 
measure trace contamtnants at stgm ,20 to 

. Evaluation ol whether ‘*'^55 k"( 360°F), to reduce system complexity 

TlsTa cTeTT" raL so that spacesult alrdow fans can be efh- 

. Determinations ot accurate 

ciently sized — in a low output 


• Determinauoiis 

ciently sized operate in a low output 

. Evaluation of whether the for critical experiments 

mode so that power can e ma expected, ( 2 ) the 

• • exf rn the volume of laboratory and food of fecal wastes 

. Determination of (1) the v long-term compatibility 

density of wastes after reez > jj o sphere material 

with fLd and laboratory in case ol illness* 

Evaluation ot decontamma 


with lood ana laaxaacvve. , cleanup techniques in case a 

Evaluation of decontamma EC/LS rotating machinery 

. Evaluation of long-term maximum sound tolerance leveh 

and air ducts* 1 fo,.® 




and air ducts* a: • wev Inw-soecific-speed fans 

r:="dttrcrntr mimlm sound propagatton 

. Evaluation of cabin ventilation in zero-g* 

. Kesolution compatible with orbital en- 

. Development of physical /psychological tes g q ^ 

vironment . i /mvchological monitoring and conditioning criteria 

Determination of physica /p y routine station opera- 

. Development of technlt,ues for integrating behavtora. testtng 
tion and maintenance procedures 

. Determination of long-term pi i 
processing methods 

tut. ft »Uh. r.pr- - — ‘ 

PmirrAin* 
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• Development and testing of onboard zero-g laundry facilities 

• A^ssment of man’s ability in zero-g to perform station-keeping operations, mainten- 
ance, and experimentation’^ r- o 

• Development of techniques for crewman po.sitive motion control 

• Identification of flight crew procedures with emphasis on communication requirements; 
need for restraints, special tools, and work aids; special requirements for controls and 
displays; and optimum layou. of onboard equipment and facilities 

• Assessment of man’s performance capabilities in extravehicular spacesuit operations* 

• Establishment of realistic, long-term radiation exposure criteria, particularly critical for 
f.ynchronous missions* 

Development of effective partial body shielding 
Flight Electronics 

• Development and qualification of a high-power, low-loss, solid-state rf switch for use 
over a frequency range of 250 to 2300 me 

Control Systems 

• Development and qualification of control-moment gyro system sized to MORL-class re- 
quirements 

• control-moment gyro system’s ability to counteract disturbance torques 

(orbital tests required) ^ 

• Development of long-life bearing techniques and maintainability features for control- 
moment gyros 

• Evaluation of the performance of total, integrated inertial reference system, including 

e inertial reference components, various experiment packages, and the space crew 
Determinauon of detailed computational requirements for the inertial reference system 
(to determine whether a new special purpose computer is required) 

• Evaluation of improved accuracy of single axis platforms* 

• Evaluation of the performance of the proposed rigid inertial-reference base concept 

' extravehicular maintenance techniques and procedures to bring the 

reliability of the two-axis star tracker to acceptable levels* 

• Evaluation of man-machine interface to ensure successful execution of experiments 
^nzing the star tracker, inertial reference system, displays, and data processing equip- 

» Sim ulation of proposed gyrocompassing technique for maintaining X-axis in orbit plane 


cationI1>?ogrem!'''’^ and development .upport might be provided by Apollo Appli- 
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• Evaluation of performance of completely integrated stabilization and control subsystem 
in a specially designed simulation facility 

• Evaluation of proposed horizon-sensor maintenance techniques 

• Determination of horizon sensor accuracy* 

• Determination of performance characteristics of inertial-rate integrating gyros in long- 
term, zero-g environment* 

• Evaluation of gyromotor bearing life in a zero-g environment* 

• Determinat. on of applicability of long-life, air-bearing gyros to MORL 

• Development of long-life bellows (1000 + cycles) capable of storing hypergolic propel- 
lants for extended periods* 

• Evaluation of corrosion due to fuel and oxidizer* 

• Assessment of inflight reaction-control system component maintenance* 

• Assessment of electronic circuit design, packaging, and testing for improved maintain- 
ability/reliability 

StTUCtures 

• Development of optimum radiator surface coatings for EC/LS and power systems 

• Evaluation of techniques and equipment for in-orbit EC/LS and power-system radiate 
tube repair 

• Assessment of the effectiveness of radiation shielding by onboard equipment* 

• Evaluation of the optical properties of the outer surface for temperature control* 
Assessment of degradation due to orbital environment* 

• Assessment of micrometeoroid damage to windows* 

• Assessment of internal-material advanced aging and breakdown, formation of combus- 
tion products and characteristics, and quantities of volatile products emitted* 

• Evaluation of space exposure effects on static and dynamic seals* 

• Development and qualification of experimental and operational handling arms and air- 
lock operating and sealing mechanisms* 

Power 

• Evaluation of long-term compatibility, as a function of temp>erature, of fuel and reaction 
products with fuel capsule materials 

• Evaluation of Xe-He gas mixture helium loss through selective leakage 

•MORI, study tasks for which orbital flight experience and development support might be provided by Apollo Appli- 
cations Program. 
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• Determination of fuel block coating emissivity as a function of time and temperature in 
a vacuum environment 

Determination of the adherence of coatings during thermal cycling 

• Development of super alloy coatings with an emissivity of 0.9 or better for heat source 
exchanger 


ADVANCE DEVELOPMENT 

Biotechnology 

• Developm.mt of waster electrolysis cells with extended membrane life 

• Ckinfirmation of cell stop-start capability 

• Evaluation of the long-term effectiveness of trace contaminant removal techniques 

• Development of flight-qualified ultraviolet lights used for control of atmospheric bacteria 

• Qualification of water separator performance in zero-g 

• Qualification of interface heat exchanger (between power system and neat transport 
circuit) to establish leak prevention capability of internal vent passage technique 

Flight Electronics 

• Development of an S-band transmitter to satisfy TV transmission characteristics 

• Development and orbital testing of external TV cameras and their associated pan and 
tilt mechanism 

• Evaluation of the theoretically optimized modulation parameters of the telemetry modu- 
lator by breadboard testing 

Power 

• Assessment of plutonium production schedules and availability priorities to ensure fuel 
availability 

• Assessment of facilities required to convert plutonium into fuel form on a commercial 
basis and produce fuel capsules 

• Development of a fuel capsule “window” that is selectively porous to helium only 

• Evaluation of foil and solid insulations to determine thermal conductivity as a function 
of altitude and time in vacuum 

• Determination of neutron source strength of commercially produced fuel as a function 
of time 

Determination of effects of initial impurities and reaction products 
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SUPPORTING DEVELOPMENT 


Biotechnology 

. Development of polarographic oxygen-partial-pressure sensors to improve sensor life, or 
development of a completely new concept 

• Development of “dry” electrolysis units to eliminate use of free fluid electrolyte m atmos- 
phere supply system 

Control Systems 

. Investigation of alternate control-moment gyro configurations to provide additional 
torquing capability for laboratory maneuvering 
. Determination of the applicability of alternate inertial-reference systems 
. Evaluation of alternate alignment concep'^ and techniques for the two-axis star tracker 

. Evaluation of airlock devices for inflight maintenance of the two-axis star tracker, rather 
than the present extravehicular maintenance 

• Evaluation of alternate techniques for aligning the X-axis to the orbit plane 

. Investigation of backup, manual, optical-alignment techniques for the inertial reference 
systems* 

. Evaluation of potentially more efficient, low-level thrustors and advance reacuon-control 
propulsion systems 

. Evaluation of screen ullage positioning devices for reaction control system propellant 
expulsion 

• Evaluation of new electronic circuit techniques; i.e., microintegrated circuits 


Power 


. Evaluation of reentry stability of shaped fuel blocks through wind tunnel tests 
Evaluation of the heating rates of shaped fuel blocks 
. Determination of a model for fuel capsule deformation after reentry impact 


Determination of the impact depth and Earth coverage of fuel blocks after reentry 

Determination of the high-temperature creep strength of nickel and ^ 

material is deprived of oxygen -evaluation of the strength of preoxidized samples and 

the use of argon doped with small percentages of oxygen 


*MORl. «udy tMks for which orbital flight experience and development support might be provided by Apollo Appli- 
cations Program. 





appendix 7 

welds; (2) determine melh^'s of ■Mximum.strength 

Evaluation of improved alternator designs 

Wtomioipt'inC^ high-temperature thermccouples; 

.phcalsensore^rvarfationTtre"^^^^^^ 
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APPENDIX 8 — SKYLAB CONTRACTORS, 
RESPONSIBILITIES, AND COSTS 

(Partial List) 


Aeronautical and Space Sciences. Skylab: Hearing on 


[Front U.S. Congress, 1973] 


Major Skylab Contractors 


Contractor 


Responsibility 


Contract 

Amount 

(millions) 


Rockwell International 

General Electric 

Martin Marietta 

The Garrett Corp 

International Latex 

ITEK 

Black Engineering 

Cutler Hammer Airborne 

Instrument Lab 

General Electric 

Honeywell 


Martin Marietta 


General Electric — 
McDonnell Douglas 
Martin Marietta . . . 


JSC 

Command and service module ........ _ • 

Automatic checkout equipment reliability and quality 

assurance system engineering. • • 

Payload and experiments integration and spacecraft 

support - 

Portable astronaut life support assembly 

.Space Suits 

.S190 — Multispectral photo facility 

.St91— Infrared spectrometer 


$354.3 

29.7 

105.4 

11.9 

16.9 
2.7 
2.0 


SI 94 — L-band radiometer 

gj 93 — Microwave radiometer /scatterometer 
SI 92 — 10-band multispectral scanner 

HQ 


, Program support 

MSFC 

. Electrical support equipment and logistics support. . . 

.S-IVB stage y; 

. Payload integration and multiple docking adapter 

assembly 


1.5 

11.3 

10.8 


11.1 


25.0 

25.7 

215.5 


Rockwell International 
(Rocketdyne Division) 
IBM 

Chrysler 


Saturn engine support — Saturn V and Saturn IB ... . 
Apollo telescope mount digital computer and 

associated items 

S-IB stage 

S-IB systems and integ ation 


10.3 

29.2 

30.0 

7.0 


McDonnell Douglas, 
Huntington Beach 
McDonnell Douglas, 

St. Louis 

General Electric. . . . 

IBM 


Orbital Workshop 


Airlock ♦...••»••••••■**************** 

Launch vehicle ground support equipment 

Instrument unit 


383.3 

267.7 

12.6 

30.7 
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Skylab Contractors, Responsibilities, and Costs — Concluded 


Major Skylab Contractors 


Contractor 


Responsibility 


Boeing S-IC stage 

System engineering and integration. . . 

American Science and 

Engineering X-ray spectrograpluc telescope — S054 

High Altitude Observatory. . .White light coronagraph — S052 

Harvard UV spectrometer — S055 

Naval Research Laboratory. . .UV spectrograph/heliogfraph 

Goddard Space Flight Center . Dual X-ray telescope 


Contract 

Amount 

(millions) 

.9 

7.4 

8.3 

14.7 

34.6 

40.9 

2.5 


KSC 

Chrysler S-IB launch operations support 

Boeing Saturn V launch vehicle and launch complex 39, 

launch operations 

Rockwell International Command and service module support 

McDonnell Douglas S-IVB launch services 

Instrument unit, launch services 

Delco Electronics Navigation and guidance launch operations 

Martin Marietta Multiple docking adapter support 


Major Skylab Subcontractors 

JSC 

Aerojet General CSM service propulsion system (SPS) rocket engines. . 

AiRescarch CSM environmental control systems (ECS) 

Aeronca Inc CSM honeycomb panels 

AVCO Command module heat shields 

Beech Aircraft ‘ CSM cryogenic gas storage system 

Collins R.adio CSM communications and data systems 

Honeywell CSM stabilization and control systems 

Maiquardt Service module reaction control system (RCS) engines. 

Northi op Command module Earth-landing system 

Pratt & Whitney Aircraft CSM fuel-cell powerplants 

Bell Aerospace RCS propellant storage tanks 

Simmonds Precision Products . Propellant utilization gauging system 

MSFC 

TRW Solar array system 

Fairchild Hiller Habitability support system 

Hamilton Standard Division 

of United Aircraft Centrifugal urine separators 

Hycom Manufacturing Orbital workshop viewing window 

AiResearch Molecular sieve 


23.2 

14.4 

17.5 
58.9 

12.3 
.9 

7.2 


$ 3.1 

5.6 

1.5 

2.5 

4.0 

4.7 

3.1 

1.1 
.8 

3.2 
3.4 

1.3 


23.7 

19.0 

9.6 
.9 

4.7 


appendix 9 — funding 

(Dollars in Thousands) 

Funding Breakdown 


Apollo Applications 

Space vehicles: 

$ 51 247 Uprated Saturn I procurement 
Spacecraft modifications 


$ 51 247 


Experiments; 

Definition 

Development 

Mission support: 

Payload integration 
Operations 


34 447 
5 900 

40 347 

100 
2 300 


$ 80 000 


Apollo Applications 

Space vehicles; 

$ 80 000 Saturn IB procurement 
Saturn V procurement 
Spacecraft modifications 


Experiments: 

Definition 

Development 


Mission support: 

Payload integration 
Operations 


21 900 
1 300 
14 500 

37 700^ 

10 974 
26 626 

37 60 ^ 

3 900 
800 

4 700 


lyviu 

” Apollo Applications . . • 

Space vehicles 

Budget Plan ®253 20 p experiments 

Prior year funds 
applied to FY 1969 
icing Plan -127 010 

4 rv/ 1 OA 


TTinanrincr Plan 


96 561 
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Funding — Continued 


(Dollars in Thousands) 


Fiscal Year 

Funding Breakdown 



1969 


Apollo Applications .... 


C977 A-f A 

Budget Plan 

Space vehicles 

$ 93 600 


$150 000 


Prior year funds 

Payloads and experiments 

183 410 


applied to l-Y 1969 


Financing Plan 

127 010 



Financing Plan 

$277 010 



1970 


Apollo Applications 



Budget Plan 

Space vehicles 

$138 400 

oUU 

$308 800 



Payloads and experiments 

1 70 400 


1971 


Skylab 


C/1AC OAA 

Budget Plan 

Workshop Cluster: 


2UU 

$405 200 Orbital Workshop 

$ 96 665 



Multiple docking adapter 

27 600 



Airlock module 

85 300 



Apollo telescope mount 

14 001 




223 566 



Experiment development: 




Applications and science 

35 608 



Technology and engineering 

16 337 



Medical 

6 620 




58 565 



Payload integration 

27 803 



Program support 
Space vehicles: 

15 050 



Spacecraft 

42 040 



Saturn IB 

25 659 



Operations 


67 699 
12 517 
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Funding — Concluded 



(Dollars in Thousands) 


Fiscal Year 

Funding Breakdown 


1972 

Budget Plan 

Workshop Cluster; 

$538 500 Orbital Workshop 

Multiple docking adapter 
Airlock module 
Apollo telescope mount 

$158 525 
31 248 
77 720 
10 908 


278 401 


Experiment development; 
Applications and science 
Technology and engineering 
Biomedical 


Payload integration 
Program support 


23 368 
22 724 
3 650 

49 742 

32 591 

31 823 


Space vehicles; 
Saturn V 
Spacecraft 
Saturn IB 


4 100 
92 706 
39 582 




Budget Planning $233 300 

Information supplied by F. B. Hopson, JSC. Administrative and Program Support 

Directorate. 
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OFFICIAL U.S. INTERNATIONAL AERONAUTICAI 
FEDERATION WORLD RECORDS 


Official U,S. International Aeronautical Federation World Records 



skylab: a chronology 


fS 

s 

s 

'Z 


■g 


B 


VO 

00 


S 

bo 


tn 

■2 

0 

1 


U 

O 


< 


■S 


i 


I 


-u> 

I 


V 

I 


kS li^ 

5 ^ 
e tn 


jC 

bo 


I 

6 6 


vq 

CO NO 

fO o 

^ un 
NO CN 

rg o 
cn cn ^ 

m c\ 


VO 

in 

2 


13 

3 

(d 

c 

2 

T 

(VI 


X) 

6 




0^ 

u 

I 

o 


3 

I 

■3 

I 

<N 


•S 

0 

1 

tii 

•5 

% 

I 


J c 
^ e 6 


00 

cn 

t- 

m 

o 

rg 


r- m 
in m 


o 
in «n 
'w rn 


3 

I 

3 

I 

CN 


■e 

0 

J3 

s 

■s 

% 

s 

1 

iS 


a 

9 


§ 

4? 


rlj 


u 

0 

X2 

1 

PQ 

J3 


C 

0 
*3 

1 


1 

NO 

r- 

N- 


2l I 


NO 

VO 

t-' 


If 

00 in 
Cn \q 

00 o 
cn 00 


X) 

tH 

o 

js 

•«-> 

cd 

PQ 

X2 


o 

j: 

■4-> 

(3 

X5 


•? B 


V 

I 

•9 

8 


O 


■S 

iS 2 2 

I 

III 

xsx 


U d 
o 


fe ^ b •-) •-i 

Q 'xi' §" -o =3 =3 bO 2 Tf 

■f CE j3«<m< 2:’C g-p 

j e J 0 £ J,£ 4£,S o 2 


in in^mH^ so^-vo 

§•> ^ 
.g gj .g *| 2 CN *S 

S' W > ^ ^ ^ ^ 

oowoow'»-i^%-iQ^r^UoN 


a 

io 

• pH 

"o 

a 

1 

M 

I 

b 

Pi 


so 

VO 

m 

CN 

cn 

b£) 


h- 


s 

I 

hJ 

Vi 

Vi 

cd 


CN 


CN 

oo 

CN 


Cv 


6 S 


00 
cn 


s 


op 


cn 


CN 
00 
CN 

^ bo 
M 

S g 

cn ^ 
o 


a; 

I 

I 

Q 


^ O 

ti -M 

(d 

I 

o 


<2 S 
a § 

3 i 


uJ ^ 


S «T 1 ^ C ^ 

S ? < ^ J 


1^ 
> CN 


jj "S) 

o £ 


^ <N 


^ CN 


00 

•"7 

|:= 

-Is 


•e 

o 

2 

■5 


II I I 


^ 19 
^ 3 

i s 

^ I 
13 


cn 


s| 

I2IIII 


% 


PA6£ mt^ruai^ 


418 


4. World Class for Highest Altitude, 377 349.38 km 

2-4 Astronauts (203 752.37 nm) 

5. Duration of a Lunar Mission 147 hr? 42 sec 


Duration in Lunar Orbit, 2 4 Astronauts 
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appendix 11— organization charts 


McDonnell douglas corporation— skylab 


ORGANIZATION 



DIRECTOR 
, SKYLAB- 

DEPUTY 



AIRLOCK 

DIRECTOR 



Ervin T. Kisselburg 

Richard P. Gillooly 


VICE president- 

DIRECTOR 



general MANAGER 

SKYLAB 



SKYLAB PROGRAM 
Raymond A. Pepping 

ADVANCED 

STUDIES 

1 George V. Butler 




DIRECTOR 

SKYLAB- 

DEPUTY 

ASSISTANT 


■ ORBITAL 

DIRECTOR- 


WORKSHOP 
Fred J. Sanders 

DIRECTOR — ■ 

Sam Yarchin 

— hardware 
integration 

A. G. Puglisi 


ORIGINAL PAGE I& 
OF POOR QUALrna 


423 






skylab: a chronoi.ogv 


OFHCE 
OF THE 
MANAGER 


JOHNSON SPACE CENTER— SKYLAB PROGRAM OFFICE 

[as of 197 1] 


APOLLO/ 

SKYLAB 

•■“program 

SUPPORT 


MISSIONS CENTER ENGINEERING 

OFFICE SUPPORT OFFICE 


MANUFACTURING 
AND TEST 
OFFICE 


I 

MANAGEMENT 

OPERATIONS 

OFFICE 


L MSFC/ 

MSC 

RESIDENT 

MANAGEMENT 

OFFICE- 

OENVER 


ORBITAL 

ASSEMBLY 

PROJECT 

OFFICE 
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JOHNSON SPACE CENTER— APOLLO APPLICATIONS PROGRAM OFFICE 

[as of 1969] 


CSM PROJECT 




OFFICE 





APOLLO 

APPLICATIONS 







PROGRAM 

OFFICE 

^ 

OFFICE 

SERVICES 

ORBITAL 

ASSEMBLY 

1 

MANAGbMENT 

OPERATIONS 

OFFICE 

1 

ENGINEERING 

OFFICE 

1 

MANUFACTURING 
AND TEST 
OFFICE 

1 

MISSIONS 

OFFICE 


PROJECT 

OFFICE 


JOHNSON SPACE CENTER— APOLLO APPLICATIONS PROGRAM OFFICE 

[as of 1968] 


CSM AND LM 

PROJECT 

OFFICES 


PROGRAM 

MANAGER 


SYSTEMS MISSIONS TEST 

ENGINEERING ENGINEERING ENGINEERING 


PROGRAM 

CONTROL 


AIRLOCK 

PROJECT 

OFFICE 
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JOHNSON SPACE CENTER— APOLLO APPUCATIONS PROGRAM OFFICE 

[as of 1966] 


APOLLO 

APPUCATIONS 

PROGRAM 

OFFICE 


PROGRAM 



ORBITAL 

WORKSHOP 

PROJECT 

OFFICE 

r- CONTROL 
OFFICE 

SYSTEMS 
— ENGINEERING 
OFFICE 

STAFF 

OFFICE 

FUTURE 

TEST 


MISSIONS 

— OPERATIONS 


PROJECT 

OFFICE 


OFFICE 

MISSION 

^ OPERATIONS 



OFFICE 


RESIDENT 
MANAGER 
MAC- 
ST. LOUIS 
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APOLLO APPUCATIONS PROGRAM ORGANIZATIONAL ELEMENTS 

[as of 1967] 


OFFICE 

MANNED 

DIRECTOR 



SPACE 

FLIGHT 

APPLICATIONS 1 

MARSHALL 

1 

MANNED 

1 

KENNEDY 


SPACE 

SPACE 

SPACE 


FLIGHT 

FLIGHT 

FLIGHT 


CENTER 

CENTER 

CENTER 


LAUNCH 

SPACECRAFT 

CHECK-CJT 


vehicles 

FLIGHT OPERATIONS 

PROCEDURES 


EXPERIMENTS 

CREW OPERATIONS 

LAUNCH 


MISSION 

MISSION MODULES 

OPERATIONS 


MODULES 

EXPERIMENTS 
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KENNEDY SPACE C^ER 

[as of January l9^^\ 


manager 

APOLLO 

program 

(AP) 

R.O. Middl#ton * 
Manigtr 
E.R. Mathw* 
Daputy 


program 

CONTROL 

OFFICE 


— — T 

1 

resources & 
financial 
management 
branch 

C.E. Mason 
Chief 

(AP-PCO) 

’ C.A. Guthrie 
Chief 

R.I. Hodgson 
Deputy 

— I 

management 

SUPPORT 

branch 

WX. Cogswell 
Chief 

program 
analysis 
8. schedules 
branch 
W.E. PeefW" 
Chief 


heliability. 

quality 

assurances 

systems SAFETY 
.OFFICE (APRQA) 
W.H. Rock 
Chief 

J.L. Jcynar 
Oiputy 


SYSTEMS 

engimeerihg 

OFFICE 

(APGYS) 

■ S.T. Baddingfjwd 
Chief 

W.T. Clearroan 
Deputy 


GSE& 

facilities 

branch 

T.F. Goldcamp 
Chief 


CONFIGURATION 

management 

branch 

M.P. Gastman 
Chief 


SPACE 

VEHICLE 

OFFICE 


— ] ^ 

1 

OPERATIONS & 

SUPPORT 

branch 

(Vacant) 

Chief 

(AP-SVO) 

’ A.6. Smith 

Chief 
R. Engel 
Deputy 

SATURN V 

branch 
H.J. Clark 
Chief 

1 

SPACECRAFT 

branch 

HX. Creighton 
Chief 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

[as o5 30 June 1972] 


OFFICE OF 
OENE';;.' 

r COUFiEL 
Gtntr. I 
CounMt 


OFFICE OF 
PUBLIC 
“ AFFAIRS 
Assistant 
Administrator 


MANNED 
SPACECRAFT 
CENTER 
Houston, TX 


OFFICE OF 

MANNED 

SPACE 

r FLIGHT 
Attociatt 
Administrator 


GEORGE C. MARSHALL 
■SPACEFLIGHT CENTER 
Huntsvilla, AL 


JOHN F. KENNEDY 
L SPACE CENTER 
Kanntdv Space 
Canter, FL 


1 ASSOCIATE 
ADMINISTRATOR 


OFFICE OF 

POLICY & 

UNIVERSITY 

AFFAIRS 

Assistant 

Administrator 


ADMINISTRATOR 

DEPUTY 

ADMINISTRATOR 

EXECUTIVE 

OFFICER 


h EXECUTIVE 
SECRETARIAT 


OFFICE OF 
MANAGEMENT 
— DEVELOPMENT 
Assistant 
Administrator 


OFFICE OF 
ORGANIZATION 

r AND MANAGEMENT ~ 
Associate 
Administrator 


OFFICE OF 
ADMINISTRATION 
Assistant 
Administrator 


OFFICE OF 
INDUSTRY 
AFFAIRS 
AND TECH 
UTILIZATION 


OFFICE OF 

SPACE 

SCIENCE 

Associate 

Administrator 


Administrator 


ASSOCIATE 
•— DEPUTY 

ADMINISTRATOR 


OFFICE OF 
000 & 

INTERAGENCY 

AFFAIRS 

Assistant 

Administrator 


OFFICE OF 

INTERNATIONAL 

AFFAIRS 

Assistant 

Administrator 


OFFICE OF 
APPLICATIONS 
Anociate 
Administrator 


OFFICE OF 
TRACKING 
_ AND DATA 
ACQUISITION 
Associate 
Administrator 


GODDARD 

SPACE 

r FLIGHT 
CENTER 
Greenbelt, MO 


JET PROPULSION 
LABORATORY 
(Contractor 


Operated) 
Pasadena, CA 


WALLOPS 
STATION 
Wallops Island, VA 


AEROSPACE 
_ SAFETY 
ADVISORY 
PANEL 


OFFICE OF 
LEGISLATIVE 
AFFAIRS 
Assistant 


Administrator 


AMES 

r RESEARCH 
CENTER 
MoHett Field, CA 


PERSONNEL 
1 MANAGEMENT 
P REVIEW 
I COMMITTEE 

I 

I 

I 

I 

j NATIONAL 
j ACADEMIES 
L.. Sciences 
Engineering 
Public 

Administration 


L OFFICE OF 
AERONAUTICS 
AND SPACE 
TECHNOLOGY 
Associate 
Administrator 


FLIGHT 
RESEARCH 
CENTER 
Edwards CA 


LANGLEY 

RESEARCH CENTER 
Hampton, VA 


LEWIS 

RESEARCH CENTER 
Cleveland, OH 
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LYNDON B. JOHNSON SPACE CENTER 
[as of March 1973] 


SPECIAL 
ASSISTANT FOR 
MANAGEMENT 
William B. Kelly 


DIRECTOR 

Christopher C. Kraft, Jr. 


DEPUTY 
DIRECTOR 
Sigurd A. Sjoberg 


L TECHNICAL 
ASSISTANT 
TO THE 
DIRECTOR 
George W. S. Abbey 


STAFF OFFICES 
NASA 

MANAGEMENT 

AUDITS 

OFFICE 

r- SOUTHWEST 
I REGION 
I Claude N. Lynch 

i NASA 
I INSPECTOR 
I Glenn L. McAvoy 

PROGRAM 
i_ OPERATIONS 
I OFFICE 

Donald D. Arabian 


SAFETY. 

RELIABILITY 

AND 

QUALITY 
— ASSURANCE 
OFFICE 
Martin L. Raines 

DEPUTY 

William M. Bland, Jr. 


PERSONNEL 
H OFFICE 


Jack R. Lister 


DIRECTOR OF 

FLIGHT 

OPERATIONS 

r Howard W. Tindall, Jr. 

DEPUTY 
L.C. Ounseith 


FLIGHT 

SUPPORT 

r DIVISION 

James C. Stokes. Jr 


L COMPUTATION 
AND 

ANALYSIS 
DIVISION 
Richard P. Parten 


MISSION 

PLANNING 

AND 

ANALYSIS 
DIVISION 
John P. Mayer 


FLIGHT 
I CONTROL 
DIVISION 
Eugene F. Kranz 


DIRECTOR OF 
FLIGHT CREW 
_ OPERATIONS 
Donald K. Slayton 

DEPUTY 

Thomas P. Stafford 


APOLLO 
SPACECRAFT 
— PROGRAM 
OFFICE 

Glynn S. Lunnay 


ASTRONAUT 

OFFICE 

Alan 6. Shepard 


AIRCRAFT 

OPERATIONS 

OFFICE 

Joseph S. Algranti 


PROJECT 

ENGINEERING 

OFFICE 

Gary A. Coultas 

(Acting) 

SYSTEM 

ENGINli^RING 

OFFICE 

Glynn S. Lunney 
(Acting) 


FLIGHT CREW 
INTEGRATION 
DIVISION 
Dean F. Grimm 

CREW 

TRAINING 

AND 

SIMULATION 
DIVISION 
C.H. Woodiing 

CREW 

PROCEDURES 
DIVISION 
James W. Bilodeau 


PATENT 
— COUNSEL 

Marvin F. Matthews 


LEGAL 
— OFFICE 

Porter H. Gilbert 


L PUBLIC 
AFFAIRS 
OFFICE 
John W. King 


SKYLAB 

PROGRAM 

OFFICE 

Kenneth S. Kleinknecht 

DEPUTY 
Arnold D. Aldrich 


MISSIONS 

OFFICE 

Alfred A. Bishop 


ORBITAL 

ASSEMBLY 

PROJECT 

OFFICE 

Reginald M. Machelt 


MANUFACTURING 
AND TEST OFFICE 
William H. Douglas 


At 


SKYLAB 

PROGRAM 

RESIDENT 

OFFICE 

KSC 

Archibald E. Morse. Jr. 

MSFC/JSC 

RESIDENT 

MANAGEMENT 

OFFICE/ 

DENVER 
Albert 6. Triche 

ENGINEERING 

OFFICE 

Willis B. Mitchell 


SYSTEMS 
INTEGRATION 
Homer W. Ootti 


L SPACE 
SHUTTLE 
PROGRAM 
OFFICE 

Robert F. Thompson 


MANAGEMENT 
INTEGRATION 
Harold E. Gartrell 


SPACE 

SHUTTLE 

URBITER 

PROJECT 

OFFICE 

Aaron Cohen 


EARTH 
RESOURCES 
PROGRAM 
1 — OFFICE 


OPERA.. DNS 

PLANNING 

AND 

REQUIREMENTS 
OFFICES 
Olav Smistad 


Clifford E. Chartesworth 

DEPUTY 
John G. Zarcaro 


L SYSTEMS 
ANALYSIS 
AND 

INTEGRATION 

OFFICE 


Richard A. Moke 


PROGRAM 

ANALYSIS 
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